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CATALYTIC MULLITIZATION OF KAOLINITE BY METALLIC OXIDE* 


By C. W. PARMELEE AND ANTONIO R. RopRIGUEZ 


ABSTRACT 
The effect of the addition of various oxides on the mullitization of kaolinite was studied 
by chemical, microscopic, and X-ray methods. A comparative study of the chemical 
and the X-ray methods of mullite determination has shown that the chemical method 
(use of hydrofluoric acid) can yield only relative values. The use of X rays appears to 


give absolute results. 


The oxides of zinc, lithium, magnesium, iron, manganese, and molybdenum were found 
to be good mullite builders; sodium, potassium, titanium, and stannic oxides were poor; 
and boric oxide and calcium oxide were fair accelerators. 


|. Introduction 

(1) Scope 

The formation of mullite has always been desired in 
refractories because of its hardness, small coefficient of 
expansion, resistance to slag attack, and many other 
useful characteristics. Its formation from clays is 
determined by many factors, the most important of 
which are temperature, duration of heating, and pres- 
ence of foreign materials. Kaolinite, when heated to 
about 950°C., begins to decompose according to the 
equations, 


Al,O;-2Si0,-2H,0 a1,0,-2Si0, + 2H:0 
3(A1,0,-28i0,) 95°°C- + 4Si0.. 


A foreign material or catalyzer that would accelerate 
the formation of mullite would reduce the time and 
would probably reduce the temperature required for the 
reaction. Economy of time and fuel would be realized 
and possibly a better product would be obtained. 

The purpose of this investigation was to explore the 
possibilities of the catalyzing action of various oxides on 
the mullitization of kaolinite. 


(2) Review of Literature on Mullite Catalysis 

Many investigators have undertaken to study the 
catalysis of kaolin to form mullite. Budnikov' noticed 
that mullite needles developed in the refractories which 
are used in the construction of glass tanks for melting 
batches containing iron oxide, whereas these mullite 
needles were not found if the batches were free of iron 
oxide. His subsequent studies demonstrated that 
ferric oxide is definitely an effective catalyst in pro- 
ducing mullite from the refractory, and he also ob- 
served that high-temperature slags, ashes, and flame 
gases promote the formation of mullite.* 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 2, 1941 
(Refractories Division). Received April 3, 1941; revised 
copy received October 1, 1941. 

Based on thesis submitted by A. R. Rodriguez in partial 
fulfillment of the requirements for the degree of Master of 
Science in Ceramic Engineering, University of Illinois, 
June, 1940. 

P. P. Budnikov, “Increasing Chemical Resistance of 
Refractories for Glass Tanks,’’ Ber. deut. keram. Ges., 15 
(10) 505-13 (1934); Ceram. Abs., 14 [6] 141-42 (1935). 

*P. P. Budnikov and B. A. Hisch, “Mullitization of 
Refractory Grog Material,’ Ber. deut. keram. Ges., 10 [10] 
445-48 (1929); Ceram. Abs., 9 [2] 108 (1930). 


A Canadian patent® describes a method of inducing 
the formation of mullite crystals in silica-alumina arti- 
cles that are fired at low temperatures. It specifies that 
a soda-lime glass, composed of 70 parts by weight of 
silica, 15 parts of lime, and 15 parts of soda, is mixed 
with the base material; and the mixture is heated until 
mullite and glass are formed. 

Nakai and Fukami,‘ who heated quartz and alpha- 
alumina with an addition of 2.5% of cupric oxide, found 
that cupric oxide accelerated the combination of silica 
and alumina to form mullite. The reaction was almost 
complete at 1500°C. 

Ao,® who studied the effect of heat on Kato kaolin, 
found that sodium tungstate (Na;W0O,) lowered the 
maximum solubility temperature of the alumina in the 
clay in 10% HCl from 800° to 600°C. The point at 
which solubility began to decrease was also lowered 
from 1000° to 900°C. By passing superheated steam 
over Kato kaolin at 1400°C., the hydrothermal synthe- 
sis of mullite increased from 37 to 43%. 

Yoshioka and Isomatsu* added aluminum hydroxide 
to clay to raise the alumina-silica ratio to 3 to 2, 
and he heated the mixture with 1% of flux at 1400°C. 
The following results were obtained after treatment 
with hydrofluoric acid: 


Ferric Calcium Boric Ortho- Stea- 


Flux oxide fluoride oxide clase tite Talc Lime 
Resi- 
due (%) 83.4 79.7 85 81.4 83 81.7 80.3 


A German patent’ describes the preparation of 
ceramic materials that are rich in mullite wherein a 
mixture of silicates of the sillimanite group were fired 
with aqueous solutions of aluminum salts, preferably 
those containing sulfate and chloride ions. 


*C. L. Norton, Jr., “Refractory,” Can. Pat. 366,784, 
June 15, 1937; Ceram. Abs., 16 [9] 279 (1937). 

* Toshio Nakai and Yoshio Fukami, “Systems Com- 
posed of Silica, Alumina, and Magnesia, I,”” Jour. Soc. Chem. 
Ind., Japan, 39 [7] 230-31B (1936); Ceram. Abs., 16 [1] 46 
(1937). 

5 Takeo Ao, “Studies of Thermal and Chemical Changes 
of Kato Kaolin,” Jour. Soc. Chem. Ind., Japan, 36 [1] 12- 
13B (1933); Ceram. Abs., 12 [10-11] 402 (1933). 

* Tosaku Yoshioka and Minezo Isomatsu, “Study of 
Mullite, I,’ Jour. Japan. Ceram. Assn., 38 [448] 200-208 
(1930); Ceram. Abs., 11 [7] 428 (1932). 

7 Deutsche Ton- und Steinzeug-Werke A.-G., ““Mullite,” 
Ger. Pat. 589,556, Dec. 9, 1933; Ceram. Abs., 13 [10] 265 
(1934). 
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Koeppel* mentions the use of alkali silicates and mag- 
nesium oxide as suitable catalysts, but he gives no de- 
tails or references. 


(3) Decomposition of Kaolinite 

Kaolinite (Al,O3-2Si0.-2H,O) gradually loses its wa- 
ter of constitution when it is heated at 440° to 450°C., 
at which temperature the major portion of the water 
is suddenly evolved as manifested by an endothermic 
reaction; an exothermic reaction occurs at about 900° 
to 1000°C. This was first reported by Le Chatelier,® 
who noted the discontinuities in a thermal-analysis 
curve. 

The lack of agreement among experimenters with 
respect to the temperatures of the endothermic and 
exothermic reactions is largely attributable to the 
differences in the heating rates used in the investiga- 
tions. When heated at the rate of 1000°C. per hour, 
kaolin decomposes at about 550°C., and if the heating 
rate is 200°C. per hour, the kaolin decomposes at about 
460°C. 

Salmang'* dehydrated Zettlitz kaolin isothermally in 
a vacuum and found that one-half molecule of the water 
of constitution was given off with the hygroscopic 
water. This led him to conclude that only 1.5 mole- 
cules of water were chemically bound and, therefore, 
the probable formula of the kaolinite was 2AlI,0;-- 
4SiO,-3H,0. 

There are two schools of thought regarding the nature 
of the products of the decomposition of kaolinite. One 
believes that the kaolinite molecule decomposes into the 
free oxides of alumina and silica. Among the support- 
ers of this theory are Le Chatelier,* Rieke,"", Kep- 
peler,** Tammann and Pape,'* Biltz and Lemke,"* and 
others.'* 


*C. Koeppel, Feuerfeste Baustoffe, pp. 109-12. H. 

fas) Leipzig, 1938. 296 pp.; Ceram. Abs., 17 [9] 308 
1938). 

* H. Le Chatelier, “‘Konstitution der Thone,”’ Z. physik. 
Chem., 1, 396 (1887). 

” H. Salmang, Physical and Chemical Principles of 
Ceramics, p. 68. Julius Springer, Berlin, 1933. 229 pp.; 
Ceram. Abs., 13 [4] 103 (1934). 

11 (a) Reinhold Rieke, ‘‘Einige Beobachtungen iiber der 
Gliihverlust von Kaolinen und Tonen,”’ Sprechsaal, 44, 
637, 653 (1911). 

(b) R. Rieke and W. Schade, “Determination of 
Mullite Content in Porcelain by Chemical Means and Re- 
lation Between Determined Mullite Content and Proper- 
ties of Porcelain,” Ber. deut. keram. Ges., 11 [8] 427-42 
(1930); Ceram. Abs., 10 [5] 363 (1931). 

2G. Keppeler, ‘Further Contributions to the Knowl- 
edge of Clays,”’ Sprechsaal, 46, 445-47 (1913). 

18G. Tammann and W. Pape, ‘Silica Studies: I, Loss 
of Water of Kaolin and Its Behavior in Solid Condition 
Toward Carbonates and Oxides of Alkaline Earths,” Z. 
anorg. allgem. Chem., 127, 43-68 (1923); Ceram. Abs., 2 
{11] 266 (1923). 

144 W. Biltz and A. Lemke, ‘“y-Al,O; and Spinels,” Z. 
asors. allgem. Chem., 186 [3] 373-86 (1930); Ceram. Abs., 9 
[7] 579 (1930). 

6 (a) J. W. Mellor and A. D. Holdcroft, ‘““Chemical Con- 
stitution of the Kaolinite Molecule,” Trans. Ceram. Soc. 
[England], 10, 94-120 (1910-1911). 

(6) O. Krause, “Critical Remarks on ‘Studies on De- 
hydration of Kaolin in Connection with the Mullite Ques- 
tion,’ by E. Klever,”” Glastech. Ber., 10 [9] 491-93 (1932); 
Ceram. Abs., 12 [1] 37 (1933). 


The other theory assumes that the product of the de- 
composition of the kaolinite is a silicate. The propo- 
nents of this theory include Vernadsky,'* Spangenberg,'” 
Budnikov,'* and others.'* 

There are numerous indications that the decomposi- 
tion products are free oxides. Some of the evidences 
that such is the case are found in the similarities of the 
conduct of the products yielded by the kaolin decom- 
position and pure gamma-alumina. If they are heated 
above 900°C., both are less soluble in acids and alkalis, 
similar amounts of heat are set free, the changes in 
density are similar, and both lower the dissociation 
temperature of alkali carbonates by the same amount." 
Gel mixtures of silica and alumina, if heated to 940°C., 
give a product which is similar in its reactions to the 
kaolin decomposed at the same temperature. 

The alumina in the kaolin heated to 940°C. cannot be 
leached out by a 5% solution of hydrochloric acid. If 
the kaolin is heated at higher temperatures, the gamma- 
alumina has been found to crystallize out. 

There are equally cogent reasons for believing in the 
theory of the formation of a silicate or silicates. Bud- 
nikov'* elutriated the product of decomposition in 
bromoform, but he was not able to separate the alumina 
and silica by virtue of their different specific gravities. 

Vernadsky"* proposes a scheme of decomposition 


as 
500°-600°C. 900°C. 
ALO; + 2Si0, Al,O;-SiO; + SiO, 


+ SiO,. 


He suggests that leverrierite (Al,O;-2SiO,) is the prod- 
uct of the decomposition at the 500° to 600°C. stage. 
Because the density of the product was small, that is, 
2.32 to 2.38, as compared with the computed densities, 
he reasoned that free oxides were not present; further- 
more, the presence of a compound rather than free 
oxides was indicated by the fact that treatment of the 
residue, after heating, by sodium hydroxide and hy- 
drochloric acid dissolved the alumina and silica in the 
proportion of | to 2. 


(c) O. Krause and H. Wohner, “Reactions on Firing 
Kaolins,”’ Ber. deut. keram. Ges., 13 [11] 485-530 (1932); 
Ceram. Abs., 12 |7| 278 (1933). 

(d) A. M. Skoloff, “Zur Frage des molekularen Zer- 
falles des Kaolinits im Anfangsstadium des Gliihens,” 
Tonind. Ztg., 36, 1107 (1912). 

1% W. Vernadsky, “Behavior of Kaolin on Heating,” 
Trans. Ceram. Soc. [England], 22, 398-401 (1922-1923); 
Ceram. Abs., 3 [10] 296 (1924). 

7K. Spangenberg, “Phases Developed in Firing 
Kaolin,” Keram. Rundschau, 35, 331-36, 352-54 (1927); 
abstracted from Fortschr. Mineral., Krist. Petrog. in Ceram. 
Abs., 6 [11] 540 (1927); 7 [3] 190 (1928). 

%P. P. Budnikov, “Investigation of Properties of 
Kaolin Fired to Different Temperatures,” Ber. deut. 
keram. Ges., 16 [7] 349-54 (1935); Ceram. Abs., 15 [3] 107 


% (a) I. Rhode, “Contributions to Knowledge of 
Physicochemical Changes in Firing Crystalline Kaolin,” 
Keram. Rundschau, 35, 398-401, 414-15, 434-35, 452-54, 
470-71 (1927); Ceram. Abs., 8 [11] 845 (1929). 

(6) Ginsberg, cited by C. Koeppel in Feuerfeste 
Baustoffe, p. 106; others cited on same page are Hirsch, 
Dawihl, and Antonewitsch. 


Vol. 25, No. 1 


Catalytic Mullitization of Kaolinite by Metallic Oxide 3 


Vesterberg”* tried to extract the silica from the de- 
hydrated kaolin by soda solution but was unsuccessful, 
and because free silica, if present, would dissolve, its 
absence is indicated. 

Rinne," using X-ray technique, was unable to dis- 
cover the presence of free silica or free alumina and 
therefore concluded that a silicate was present. This 
he named “‘metakaolin.”’ 

This contradictory evidence is difficult to interpret. 
The product of the heating of kaolin is probably a col- 
lapsed kaolinite structure wherein the regularity of the 
crystal lattice is destroyed and no crystallization has 
taken place. This condition would be intermediate be- 
tween a true mixture of the oxides and a true silicate 
compound. The mixture would act in an amphoteric 
manner, so to speak, in accordance with the résults 
found. 


(4) Formation and Structure of Mullite 

The cause of the exothermic effect at 900° to 1000°C. 
has also been the object of much speculation to deter- 
mine whether it is due (1) to the transformation of 
alumina to alpha-alumina, (2) to breaking down of the 
clay molecule to the free oxides, or (3) to the formation 
of a silicate. It is probably the result of these changes 
overlapping together with ‘the formation of mullite 
Hyslop* proposes 870°C. as the temperature of the 
mullite formation; Klever,** 1100° to 1200°C.; and 
Koeppel® names 1000°C. as the temperature and states 
that the lines of gamma-alumina and those of mullite 
appear simultaneously. Zwetsch** found that the 
gamma-alumina line attains its maximum intensity at 
1000°C. and disappears completely at 1100°C. McVay 
and Thompson** found that mullite forms in English 
china clay and washed Georgia kaolin at 950°C.; in 
addition to the mullite, a crystalline phase, probably 
alumina, occurs in the Georgia clay when it is heated to 
950°, 1050°, and 1150°C. These writers, furthermore, 
doubt that the exothermic reaction at 900°C. is due to 
the crystallization of a compound because the X-ray 
patterns did not indicate the presence of a large amount 
of any crystalline phase at this temperature. The for- 
mation of mullite needles could be recognized with the 
microscope only after a much higher temperature treat- 
ment. 


*™ K. A. Vesterberg, cited by Salmang, see p. 73 of foot- 
note referencej10. 

21 F. Rinne, “VII, Réntgenographische Diagnostik beim 
Brennen von Kalkstein, Dolomit, Kaolin, und Glimmer,” 
Z. Krist., 61, 119 (1924-1925). 

#2 (a) J. F. Hyslop and H. P. Rooksby, “Effect of Heat 
on Crystalline Breakup of Kaolin,” Trans. Ceram. Soc. 
[England], 27 [2] 93-96 (1927-1928); Ceram. Abs., 7 |10] 
719 (1298); (b) “Further Note on Crystalline Breakup of 
Kaolin,” Trans. Ceram. Soc. [England], 27 [4] 299-302 
(1927-1928); Ceram. Abs., 8 [7] 530 (1929). 

*3 E. Klever, “New Investigations on Dehydration of 
Kaolin and Its Bearing on the Mullite Question,” Glastech. 
Ber., 7, 85-90 (1929-1930); Ceram. Abs., 8 [10] 770 (1929). 

*4 A. Zwetsch, “X-Ray Examination of Ceramics,” Ber. 
deut. keram. Ges., 15 [1] 2-14 (1934); Ceram. Abs., 13 [11] 
304 (1934). 

* T. N. McVay and C. L. Thompson, ““X-Ray Investiga- 
tion of Effect of Heat on China Clays,” Jour. Amer. Ceram. 
Soc., 11 [11] 829-41 (1928). 
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The silicate formed at 900° to 1000°C. was thought 
to be sillimanite (Al,O3-SiO,) until Bowen and Greig** 
showed that the stable compound of alumina and silica 
at high temperature is mullite (3A1,03-2SiO,), and since 
then the constitution and structure of mullite have been 
the object of much speculation. Mullite and silliman- 
ite have similar properties, a fact which leads to some 
confusion. They show almost identical optical proper- 
ties and X-ray paiterns, and the differentiation of the 
two compounds has been satisfactory only since better 
techniques have been devised. 

Beljankin®’ states that the chemical and optical be- 
havior may be accounted for in three ways, namely, (1) 
mullite, in a certain limit of concentration, is a homoge- 
neous solid solution of alumina in sillimanite; (2) 
sillimanite is a homogeneous solid solution of silica in 
mullite; and (3) the two silicates are independent of 
each other and each presents a crystalline phase. 

The present interpretation of the sillimanite-mullite 
problem is based chiefly on the work of Taylor.** The 
sillimanite cell consists of 4A1,SiOs, and the mullite cell, 
according to Taylor, consists of four sillimanite cells, 
wherein four silicon atoms are displaced by four alumi- 
num atoms. This is possible because of the ability of 
the aluminum atom to form a tetrahedral group (like 
silica), besides its usual octahedral group, and also be- 
cause they are almost the same size. The mullite cell 
would then consist of 36 Al, 12 Si, and 80O atoms. To 
maintain the electroneutrality of the crystal, inasmuch 
as silicon has four positive charges and the aluminum 
has only three, two oxygen atoms must be split off to 
form a so-called ‘defect lattice.’’ Taylor postulates 
that the substitutive aluminum atoms occupy definite 
positions in the cell. Eitel,** who modified this view, 
stated that the substituting aluminum atoms are statis- 
tically distributed in the cell because the X-ray ex- 
amination showed no evidence of superstructure. 

This concept explains satisfactorily the similarity in 
the behavior of sillimanite and mullite as well as in its 
incongruent melting point. 


ll. Experimental Procedures 
(1) Preparation of Samples 
The sample used was a ceramic No-Karb, washed 
fractionated clay of the following composition: 


Moisture at 105°C. 0.19 TiO, 1.56 
Ignition loss 13.84 CaO v.03 
SiO, 44.95 MgO 
Al,O; 38.67 K,0 0.06 
Fe,0,; 0.40 Na,O 0.48 

99.98 


% N. L. Bowen and J. W. Greig, “System Al,O;-SiO,,”’ 
Jour. Amer. Ceram. Soc., 7 [4] 238-54; errata, [5] 410 
(1924). 

7 Beljankin, ‘Classification of Mullite,”” Ber. deut. 
keram. Ges., 10 [4] 232-33 (1929); Ceram. Abs., 8 [10] 770 
(1929). 

H. Taylor, “Structure of Sillimanite and Related 
Minerals,”’ Trans. Ceram. Soc. [England], 32, 7-13 (1932- 
1933); Jour. Soc. Glass Tech., 16, 111-20 (1932); Ceram. 
Abs., 11 [6] 370; [12] 619 (1932). 

W. Eitel, “Sillimanite-Mullite Problems,” Ber. deus. 
keram. Ges., 18 [1] 2-11 (1937); Ceram. Abs., 17 [1] 44 
(1938). 
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The reagents used as catalyzers were of c.p. quality 
and were added either as the carbonates or as the oxides. 
Boric oxide was added as boric acid, and the alkalis were 
added as carbonates. These reagents were uniformly 
and intimately incorporated with the clay by grinding 
and sieving. 

The mixtures in small platinum containers were 
placed in a platinum-wound furnace, which was heated 
at the rate of 9°C. per minute and then held constant 
at the desired temperature for the chosen length of time. 
The temperature was controlled by regulating the re- 
sistance in the circuit and was satisfactory to within 
10°C. At the end of the heating period, the furnace 
was allowed to cool, and the samples were removed, 
The same heating schedule was followed as closely as 
possible for all samples. 

The heated samples were crushed in a steel mortar 
and ground in an agate mortar to pass a 200-mesh sieve. 
The grinding and sieving operations were duplicated 
closely in order to diminish, as much as possible, differ- 
ences in the particle size. 


(2) Hydrofluoric Acid Method of Mullite Deter- 
mination 

About 0.4 gm. of the powdered sample was weighed 
accurately in a platinum crucible, which was placed on 
ice to cool; 10 ml. of 40% hydrofluoric acid were added 
carefully; the mixture was left on the ice for 6 hours 
and was stirred occasionally. At the end of this time, 
the clear supernatant liquid was poured on a filter, 
leaving as much as possible of the residue in the crucible. 
The residue was washed with 10 ml. of 10% hydrofluoric 
acid and filtered. The final washing was accomplished 
with water made acid with a few drops of hydrofluoric 
acid, the funnels and beakers were coated with paraffin 
to avoid attack by the acid, and the residue was dried and 
ignited to constant weight. Microscopic examination 
and X-ray diffraction identified this as pure mullite. 
The apparent percentage of mullite in the heated sample 
was calculated from the weight of the ignited residue. 
In order to correct this percentage for the slight solu- 
bility of mullite in hydrofluoric acid, it was multiplied 
by 100/83, which had been determined experimentally. 

This method, with a few modifications, is essentially 
the same as that used by Yoshioka and Isomatsu.* 
The hydrofluoric acid and mullite mixture was not 
poured into a beaker of water at the end of 6 hours as 
recommended by these investigators because thereby a 
turbid filtrate formed. Two possible explanations of 
this turbidity are (1) hydrolysis caused by the dilution 
of the hydrofluoric acid solution and (2) peptization of 
the mullite suspension. Pure water was not used in 
the washing for the same reason. 

The use of hydrofluoric acid appears to be the only 
chemical method thus far developed for determining 
quantitatively the mullite present in fired ceramic ma- 
terials and products. Other investigators''® have 
used the procedure with different temperatures, times 
of reaction, and concentrations. The principle em- 
ployed is based on the considerable differences in the 
rate of solubility of mullite and other silicates and also 
of silica. The method is easily controlled, and it has 


proved to be well suited for the purpose when com- 
parative data are required. 

It is at once evident that differences in the particle 
sizes will influence the results to an important degree. 
Macroscopic particles of mullite will be attacked only 
slightly by the hydrofluoric acid, but particles of col- 
loidal dimensions will be more affected. 


3), aw Determination and Preparation of 
ure Mullite 

The corrections necessary for the slight solubility of 
the mullite under the conditions of the experiment were 
learned by treating a specially prepared sample of mul- 
lite in the same manner as used in the determinations 
but by varying the lengths of time of the digestions. 
The mullite sample was prepared for this purpose by 
heating clay to 1500°C. for 1 hour, treating with hydro- 
fluoric acid, and checking the residue by microscopic 
and X-ray examinations. 


(4) X-Ray Analysis 

The quantitative X-ray analysis was used as a check 
on the chemical determination of the amount of mullite 
found. It was desirable to compare the relative merits 
of the two techniques because of the error in the chemi- 
cal method owing to the effect of the varying solubilities 
of the very fine particles. 

The quantitative X-ray method was essentially that 
employed by Clark and Reynolds* in their analysis of 
mine dusts and of Pines*' in his study of refractories. 
Standard samples were prepared with different known 
percentages of the material being sought and suitable 
amounts of a reference compound known to give lines 
in the pattern near those produced by mullite. Powder 
patterns were made and the ratios of the intensities of 
the lines of the mullite to the lines of the standard sub- 
stance were compared by means of a microphotometer 
curve. A graph was plotted showing the percentages 
of the sought substance versus the ratio of intensities. 
The same amount of standard substance was added to 
the sample, the ratio of the intensities of the same pair 
of lines was determined, and the percentage of the sub 
stance sought may be interpolated from the standard 
curve. 

Pure mullite in amounts of 10, 20, 30, 40, and 60% 
was added to clay to serve as the standard mixture. 
The clay was used as the base to duplicate the condi- 
tions in the sample as closely as possible. Zinc oxide, 
chosen as a suitable reference material, was added in 
the amount of 10% of the clay-mullite standard mixture 
and the same amount of zinc oxide was added to the 
sample to be investigated. To obtain a homogeneous 
mixture, this was ground thoroughly with some benzene 
in an agate mortar. 


*” G. L. Clark and D. H. Reynolds, “Quantitative Analy- 
sis of Mine Dusts; X-Ray Diffraction Method,” Ind. Eng. 
Chem., Anal. Ed., 8 [1] 36-40 (1936); Ceram. Abs., 16 (it) 
356 (1937). 

" Y. B. Pines, “X-Ray Method for Quantitative Deter- 
mination of Crystals in Refractory Materials,” Ukrain. 
Nauch.-Issledovatel. Inst. Ogneuporov Kislotouporov, No. 37, 
pp. 59-79 (1936); Ceram. Abs., 16 [9] 278 (1937). 
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Copper radiation with a nickel filter giving CuKe 
1.54 a. u. was used at 70 kv. and 15 ma., and the exposure 
time was about 8 hours. The same amount of time for 
exposure, developing, and fixing was used for all of the 
samples. The camera, with a wedge sample holder, 
had a radius of 6.2 cm.; this was calibrated, and the 
same camera was always used. 


Fic. 


1.—Microphotometer curve; 
represents intensity of background due to stray radia- 
tion; A, intensity of line. 


base line, AB, 


Figure 1 shows a microphotometer curve in which 
the base line, AB, represents the intensity of the back- 
ground due to stray radiation and the height, 4, the 
intensity of the line. The ratio of k for the mullite to A 
for the chosen nearby zinc oxide line was plotted against 
the concentration. Two zinc oxide lines (d = 1.61 and 
d = 1.47) and a mullite line (d = 1.53), lying between 
the two zinc oxide lines, were chosen. The two results 
in the percentage of mullite content were averaged. 
This procedure lessens to some extent the error intro- 
duced in determining the position of the base line. 


Ill. Discussion and Interpretation of Results 


(1) Chemical Method 

The results of the chemical analysis by treatment 
with hydrofluoric acid are shown in Table I. Column 
(4) gives the apparent percentages of mullite in the cal- 
cined sample; column (5) shows the corrected percent- 
ages which were obtained by multiplying the values of 
column (4) by 100/83 to correct for the slight solubility 
of mullite in hydrofluoric acid. This correction factor 
was obtained from Table II and Fig. 2; 17% of mullite 
dissolved at the end of 6 hours, which was the length of 
time used in the mullite determination. The corrected 
figures then are apparent pere-~tages times 100/83; 
Yoshioka and Isomatsu® giv. factor as 100/86. 
Column (6), the percentage yield, wuich was obtained by 


Millite dissolved (%) 


Fic. 2.—Rate of solubility of mullite in 40% of hydro- 
fluoric acid at 0°C. 


(1942) 


multiplying column (5) by 100/64 as 100% yield, would 
give only 64% of mullite in the application of the equa- 
tion, 

3(Al,0,-2Si0.) —> + 


TABLE I 


EFFEecT OF THE DirFERENT OXIDES ON MULLITE YIELD 
FROM KAOLINITE BY THE HypRoFivoRIC AciIp MeTHop 


(1) (2) (3) (4) (5) (6) 


Catalyst Temp. Heating HF Corre Yield 
time residue lation (%) 
(hr.) (%) (%) 

Li,O 1 1400 1 48.2 58.2 91 
34.8 41.9 65 
1300 37.4 45.0 70 
1200 13.0 15.6 24 
12 12.0 14.5 23 

TiO, 1 1400 1 38.4 46.3 72 
x 38.2 46.0 72 
32.2 38.8 61 
1 1300 23.4 28.2 44 
1 1200 44 65.3 8.3 

B,O; 1 1400 44.6 53.7 8A 
43.1 52.0 81 
1300 31.1 37.5 59 
1200 ‘i 2.2 2.6 4.1 

Ce,0; 1 1400 os 48.5 58.5 91 
47.1 5.7 88 
47.6 57.4 90 
1300 35.7 43.0 67 

Fe,O; 1 1400 50.0 60.3 
51.1 61.5 96 
55.1 66.2 100 
1 1300 34.5 41.5 65 
1 1200 3.2 3.8 5.9 
a... 1.5 3.4 4.1 6.4 

Na,O 1 1400 1 42.7 50.7 79 

K,O 1 37.5 45.2 71 
1 1300 19.1 23.0 36 
1 1200 3.8 4.6 7.2 

MgO 1 1400 és 51.3 61.8 97 
1300 41.9 50.5 79 
1200 15.6 18.7 29 

CaO 1 1400 ‘ 45.6 55.0 86 
24 1 1300 . 26.9 32.4 50 
1 1200 4.4 65.2 8.1 

ZnO 1 1400 =: 52.8 63.7 100 
1 1300 38.7 46.0 72 
1 1200 5.8 7.0 

ZrO, 1 1400 ri 42.2 50.8 80 
= 1 1300 20.9 25.2 39 
te 1200 : 3.2 3.9 6.1 

SnO, 1 1400 ” 40.2 48.3 75 

MoO; 1 “ x 48.7 58.5 91 
1300 35.7 43.0 67 

MnO; 1 1400 ° 50.4 60.7 95 
1300 30.6 36.9 58 
1200 6.2 6.3 10 

None 1500 “ 53.0 64.0 100 

" 1400 30.5 36.8 58 
” 1300 “4 19.0 23.0 36 
1200 2.5 3.0 4.7 
12 3.6 4.3 6.7 
TaBLe II 
RATE oF SOLUBILITY OF MULLITE In 40% Hypror.voric 
Acip at 0°C. 
Hr, Min, Dissolved (%) 
2 8.5 
4 9.1 
5 50 15.9 
7 40 22.5 


A < 
8B 
| 
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(2) Effect of Concentration of Oxides 

Data are given in Table I relating to the effect of the 
concentration of oxides on the percentage yield of mul- 
lite at 1400°C. Lithium oxide caused a marked de- 
crease in the conversion at 4% of concentration com- 
pared to that at 1%. Concentrations of 1 and 2% of 
titanium oxide produced similar effects, and the use of 
4% was accompanied by slight decrease. Two per cent 
additions of boric oxide produced somewhat higher 
results than 1 and 4%; additions of 1, 2, and 4% of 
cerium oxide produced practically no differences in the 
results. Similar additions of ferric oxide had little 
effect. 

The addition of 4% of lithia was accompanied by a 
marked decrease in the mullite yield. Whereas a 1% 
concentration of the oxide gave 91% of mullite, 4% of 
lithia yielded only 65% of mullite. This decrease was 
evidently due te the decomposition of the mullite as 
corundum crystals were found in the residue after 
treatment with hydrofluoric acid; these are shown in 
Fig. 9. The sarmple was observed to be fused in the 
furnace. 

The effect of the concentration of the oxides studied 
on the mullite formation may be said generally to be 
relatively small within the ranges of 1 to4%. Only 1% 
of the catalyst was used therefore in the subsequent de- 
terminations. The small amount immediately suggests 
_ the practicability of the use of catalyzers. 

Table I and Figs. 3 and 4 show that the oxides of the 
different metals have a wide range of accelerating effect 
on the formation of mullite, that is, from a 70% yield for 
potassium oxide, titanium dioxide, and stannic oxide to 
100% for zinc oxide at 1400°C. The best catalyzers 
at 1400°C., which are zinc oxide, magnesium oxide, 


400 


/ 


Yield (%) 


20 
1200 100 /600 
Fic. 3.—Relation of temperature and percentage of 
mullite yield. 


100 


8 


a0 


Yield (%) 


§ 


20 


| 
4/600 


1400 
°C 
Fic. 4.—Relation of temperature and percentage of 
mullite yield. 


ferric oxide, manganese dioxide, lithia, cerium sesqui- 
oxide, and molybdenum trioxide, produced yields of 
mullite of 90% or above. 


(3) Effect of Temperature 

The graphs (Figs. 3 and 4) show that the different 
oxides do not have the same relative effects at different 
temperatures. For example, at 1400°C., the yield pro- 
duced by the use of ferric oxide is 94% and by lithia, 
91%; but at 1300°C., ferric oxide produces only 65% 
and lithia, 70%. The differences are more pronounced 
at 1200°C., at which ferric oxide yields only 6% and 
lithia, 24%. Although zinc oxide produces a yield of 
100% at 1400°C., it is only 11% at 1200°C. On the 


Fic. 5.—Clay with 1% of MgO heated at 1400°C. for 1 
hour (HF residue); magnification, < 520. 
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Fic. 6.—Clay heated at 1500°C. for 1 hour (HF residue); magnification, X 680 


other hand, to produce a 100% yield, magnesium oxide 
might be a poorer mullite former than zinc oxide be- 
cause a higher temperature would be necessary (shown 
by the trend of the graphs in Figs. 3 and 4). The 
order of effectiveness of the different oxides used, there- 
fore, depends on the temperature. The curves of the 
good mullite formers, zinc oxide, lithia, magnesia, and 
ferric oxide, show a decreasing slope as the tempera- 
ture is raised. The poorer mullite builders, on the 
other hand, have almost a straight-line relationship. 

The best catalyzers, magnesia and zinc oxide, belong 
to Group IIb of the periodic table. Although cadmium 
oxide was not tried, it would probably act in the same 
manner; ferric oxide, another good mullite former, be- 
longs to Group VIII; and cobalt and nickel oxides 
should be similarly effective. The poorest mullite 
formers belong to the transition group, Group IV, to- 
gether with titania, zirconia, and stannic oxide, all giv- 
ing low yields (Table I and Figs. 3 and 4). 

The oxides of the alkali metals, sodium and potas- 
sium, produce low yields of mullite. Fessler and Nav- 
ratiel** also found that these oxides were unsatisfactory 
mullite catalyzers in porcelain bodies. 


(4) Microscopic Examination 

An examination of the heated samples, made with the 
petrographic microscope and using oil immersion, 
showed that the mullite produced retained the kaolinite 
habit. This pseudomorphism of mullite is shown in 
Fig. 5, the residue of a mixture of clay and 1% of mag- 
nesia calcined together and then extracted with hydro- 
fluoric acid. Some well-developed mullite needles may 
also be seen. The clay, which contained no oxide addi- 
tion and which was heated up to 1500°C. for the same 


32 A. H. Fessler and Hans Navratiel, “Effect of Different 
Fluxing Oxides on Constitution of Porcelain,” Jour. Amer. 
Ceram. Soc., 13 [5] 332-40 (1930); also published in Ber. 
deut. keram. Ges., 11 [6] 364-73 (1930). 
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length of time, showed the same 
pseudomorphism although not so 
well retained as those heated at lower 
temperatures (Fig. 6). The samples 
not treated with hydrofluoric acid 
showed that the grains were dotted 
with tiny pellets of highly siliceous 
glass, produced perhaps by the com- 
bination of the silica (that had sepa- 
rated) with the added oxide and the 
small impurities of the clay (Fig. 7). 

The index of refraction values of 
the hydrofluoric acid residues of the 
samples were between 1.64 and 1.65, 
indicating that they were mullite. 
This was confirmed with an X-ray 
pattern by checking with the d values 
given by Navias and Davey.* 

The effect of the addition of 1% of 
lithia is interesting because the mul- 
lite crystals that were formed were 
well developed. The birefringence 
also showed itself much more clearly, 
indicating that the crystals were 
thicker and better formed. These typical mullite in- 
terlocking needles are shown in Fig. 8 for the clay con- 
taining 1% of lithia heated at 1400°C. With 4% of 
lithia, the mullite was decomposed, which is shown by 
the separation of corundum (Fig. 9), thus accounting 
for the low value obtained in the hydrofluoric acid 
analysis (corundum is not soluble in hydrofluoric acid). 

The sample prepared with titania showed an appear- 
ance of mullite different from the rest. There were no 
visible pseudomorphous kaolinite grains of well-defined 


3 Louis Navias and W. P. Davey, “Differentiation Be- 
tween Mullite and Sillimanite by X-Ray Diffraction Pat- 
tern,”’ Jour. Amer. Ceram. Soc., 8 [10] 640-47 (1925). 


Fic. 7.—Clay with 1% of MgO heated at 1400°C. for 1 
hour; magnificetion, <680. 
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MgO (Figs. 5 and 7) so that they 
were not photomicrographed. 


(5) X-Ray Analysis 

The X-ray quantitative deter- 
mination of the mullite content is 
shown in Tables III and IV. The 
percentages of mullite in the samples 
(columns (7) and (8), Table IV) 
were obtained by interpolating from 
the working curve (Fig. 11), made 
with known amounts of mullite, the 
values of the ratio of the intensity 
of the chosen mullite line to that of 
the chosen zinc oxide line. TabJe IV, 
column (7), gives the values from the 
ratio of the intensity of the mullite 
line, d = 1.53, to that of the zinc ox- 
ide line, d = 1.61; column (8) gives 
the values from the ratio of the same 
mullite line to another nearby zinc 
oxide line, d = 1.47. The mean of 
the two values is given in column 
(9); column (10) is obtained, as in 
the chemical analysis, by multiplying column (9) by 
the factor 100/64. 


Fic. 8.—Clay with 1% of Li,O heated to 1400°C. for 1 hour (HF residue); 
magnification, 680. 


TABLE III 
X-RAY QUANTITATIVE DETERMINATION OF MULLITE 
Standard series 


(1) (2) (3) (4) (5) (6) 
Mullite 

(%) hat /he Ay 

10 0.62 3.0 1.90 0.206 0.326 

20 2.2 5.2 4.0 0.425 0.55 
30 3.2 5.7 3.7 0.56 0.87 

40 5.4 6.5 5.5 0.83 0.98 

60 3.0 2.95 1.90 1.02 1.58 


* Mullite line (4), d = 1.53. 
t ZnO lines (42), d = 1.61; (hs), d = 1.47. 


Fic. 9.—Clay with 4% of LigO heated at 1400°C. for 1 
hour (HF residue); magnification, 520. 


needles of mullite. It appeared in the form of a more or 
less indistinct mass with the pseudomorphous mullite 
lamellae hardly discernible (Fig. 10). The sample con- 
taining 4% of titanium dioxide had the same appear- 
ance except that the pseudomorphous mullite lamellae 
were less distinct. The index of refraction was slightly 
higher than that corresponding to mullite in some parts 
of the grain, probably due to the formation of some in- 
soluble titania glass. The pseudomorphous mullite 
lamellae in this sample appeared less distinct than that 
in the sample containing 1% of titanium dioxide be- 
cause more of the glass that formed apparently de- 
stroyed the lamellae. 

These microscopic examinations show that the added 
oxide controls the crystallization of mullite. 

The samples with the other oxides showed an appear- Fyc. 10.—Clay with 1% of TiO, heated at 1400°C. for 1 
ance similar to the corresponding samples containing hour (HF residue); magnification, 520. 
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IV 
X-Ray QUALITATIVE DETERMINATION OF — 


(1) (2) (3) (4) (5) 


Sample* 

No. hat hat hi/he 

1 1.50 4.50 4.25 - 0.334 

2 2.40 2.15 1.85 1.14 

3 2.95 2.48 1.87 1.19 

4 2.50 2.10 1.60 1.14 

5 1.70 1.50 1.10 1.13 

* Sample No. 1, 1% of Li,O fired 1 hr. at 1200°C. and No. 


1% of KsO, and 1% of TiOs, all fired 1 hr. at 1400°C. 
ZnO lines (hy), d = 1.61 and (hy), d = 1.47. 


A glance at the results (Table V) will at once reveal 
that the values obtained with the X-ray method are 
much higher than those with the chemical method. 
This shows the suspected defect in the chemical method, 
namely, the unknown factor of particle size. 


mullite del $3 
— 
a 
>i ¢ 
ag 
hmo 
+ 
Mu/lite (%) —> 


Fic. 11.—Relation of concentration of mullite to ratio of 
intensity of mullite tine to that of ZnO line. 


The figures of the X-ray analysis indicate that the 
low values given by the hydrofluoric acid method of ex- 
tracting the calcines containing the oxides of sodium, 
potassium, and titanium and probably the others, are 
due to the solution in the acid of the extremely fine 
crystals which have been formed. That the added 
oxides have a large influence on the crystal size of the 
mullite was also evidenced by the microscopic examina- 
tion. 

The mechanism of induced mullite formation proba- 
bly consists of a process in which the added oxide pro- 
vides centers of activation to accelerate the reaction in 
the solid state. This is shown by the fact that a rela- 
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9 
(6) (7) (8) (9) (10) 
Mullite (%) 
Vield 
Ii/hs hi/hat hi/hat Mean (%) 
0.354 17.5 13.5 15.5 24.2 
1.32 59.0 50.5 54.8 85.0 
1.58 61.5 60.5 61.0 95.0 
1.56 59.0 60.0 59.5 93.0 
1.55 58.5 59.5 59.0 92.0 
2, at 1300°C.; Nos. 3, 4, and 5, respectively, 1% of Na,O, 


TABLE V 


CHEMICAL MetHop COMPARED WITH X-Ray VALUES OP 
MULLITE YIELD 


Mullite yield (%) 


Sample No. Chemical 
1 24 24.2 
2 70 85.0 
3 79 95.0 
4 71 93.0 
5 72 92.0 


tively small amount of the catalyst is necessary to 
induce the formation of mullite. The effect of the con- 
centration of the reagent, furthermore, is relatively 
small v ‘thin a wide range, which is characteristic of 
catalytic processes. The added oxide probably pro- 
motes the reaction in the solid state. The phenomenon 
of pseudomorphism observed shows that no solution has 
taken place. 

In addition to the specific effect of the oxide, a fluxing 
action may also contribute to the mullite formation. 
The well-developed mullite needles in the samples con- 
taining lithium oxide indicate that they might have 
crystallized from a melt. Lithium oxide seems to form 
a melt readily with the clay. This is shown by the 
visible fusion which caused the separation of corundum 
in the sample containing 4% of lithium oxide. Fusion 
was not observed in the case of the other oxides under 
the same conditions. A small amount of melt probably 
forms, however, which may enhance the catalysis, inas- 
much as the catalyst and the reactants would be in more 
intimate contact under this condition. Where the 
induced mullite formation is caused by crystallization 
from a melt, the viscosity of the melt no doubt condi- 
tions the crystal formation. 

That the induced formation cannot be entirely the re- 
sult of the fluxing effect of the oxides is also shown by 
Budnikov,'? who observed that mullite needles were 
found in the refractory linings of tanks used for melting 
glasses containing iron whereas those used for glasses 
without iron did not reveal this effect. This shows that 
the effect of the added oxide is specific. Both the 
specific action of the added oxide in the solid state and a 
suitable melt for crystallization probably contribute to 
facilitate the induced mullite formation. 

The especially good activity of zinc oxide at high 
temperatures may be due to the fact that when zinc 
oxide is heated it forms a defect structure, that is, 
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part of the oxygen is given off leaving the lattice with 
an excess of zinc atoms and a deficiency of oxygen 
atoms. Ferric oxide is known likewise to form a de- 
fect structure. The efficiency of a catalyst, in general, 
in accelerating a reaction in the solid state is no doubt 
intimately connected with peculiarities of the crystal 
structure. * 

Another peculiarity of the action of sodium and 
potassium oxides is shown in their influence on cristo- 
balite formation. The strong cristobalite line,“ d = 
4.04, appears very faint with the sample containing 1% 
of potassium oxide, and it is hardly discernible in the 
sample containing 1% of sodium oxide. Samples con- 
taining other oxides showed this line distinctly. These 
two oxides therefore inhibit the formation of cristo- 
balite in the heated clay. They probably form a glass 
with the silica. 

The accuracy of the X-ray method is about 6%. 

The error introduced by the factor of particle size in 
the chemical method of mullite determination should 
not be interpreted as a complete invalidation of the 
method. It is useful to determine the relative mullite 
content in the coarse crystalline state, the condition on 
which most of the useful properties of mullite depend. 
The extremely fine mullite crystals evidently cannot 
have all of the notable properties of this compound, such 
as refractoriness, slag resistance, and mechanical 
strength due to interlocking needles because of the 
unique conditions that arise from the very fine state of 
subdivision. The hydrofluoric acid method, therefore, 
gives a practical measure of the amount of “‘technical”’ 
mullite, so to speak, which is responsible for the many 
good properties of this material. The method is easy to 
perform and requires no expensive apparatus. The X- 


* Additional work should be done on the effect of the 
method of preparation of the catalyst on the induced mul- 
lite formation. 

“J. D. Hanawalt, H. W. Rinn, and L. K. Frevel, 
“Chemical Analysis of X-Ray Diffraction; Classification 
and Use of X-Ray Diffraction; Classification and Use of 
X-Ray Diffraction Pattern,” Ind. Eng. Chem., Anal. Ed., 
10, 457 (Sept. 15, 1938). 


ray method yields more accurate absolute results, but it 
requires expensive apparatus and careful technique. 

The results of the chemical analysis, therefore, should 
be interpreted as measures of the effectiveness of the 
different oxides in accelerating the formation of ‘‘tech- 
nical” mullite. 


IV. Summary 


The effect of a number of oxides on the mullitization 
of kaolinite has been studied by chemical, microscopic, 
and X-ray methods. A comparative study of the 
chemical and the X-ray methods of mullite determina- 
tion has shown that the former can yield only relative 
values, that is, the ‘‘technical’’ mullite content. The 
X-ray method apparently gives better absolute results. 

Mullite appears to be pseudomorphous with kaolinite 
when the latter is heated as high as 1400°C. for 1 hour. 

The oxides of zinc, lithium, magnesium, iron, manga- 
nese, cerium, and molybdenum are good mullite form- 
ers, whereas sodium potassium, titanium, and stannic 
oxides are poor and boric oxide and calcium oxide are 
fair. 

An anpreciable increase in mullite yield is brought 
about by the presence of a small amount (1%) of the 
added oxide, and the effect of the oxide concentration is 
relatively small within a wide range. 

The relative effectiveness of the different oxides stud- 
ied varies with temperature; lithium oxide and mag- 
nesium oxide are especially good mullite builders, both 
at high and low temperatures; and zinc oxide is espe- 
cially good at higher temperatures. 

The specific action of the oxide and the crystallizing 
action of a suitable melt probably contribute to the 
mechanism of induced mullite formation. 
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STUDY OF GLAZE AND BODY INTERFACE* 


By C. W. PARMELEE AND Paut E. BucKLES 


ABSTRACT 


Lead-containing raw glazes were applied on biscuit tile and fired at cones 02, 2, and 4. 
The glaze body interface was examined microscopically by preparing thin cross sections. 
The powdered glassy portion was also investigated. 

Because the crystals separating at the interface were frequently too small for satis- 
factory study, a technique for promoting their growth was used. Anorthite, wollasto- 
nite, gehlenite, undissolved quartz, tridymite, and cristobalite were observed. 

The effects of altering the bases and the alumina and silica content of the glaze were 
studied, and the amount and the effect of the solution of the body were examined. The 
authors conclude that the interfacial layer is not necessarily intermediate in expansion 


conduct. 


|. Introduction 
The purpose of this investigation was to study the 
effects of firing temperature and changes of composition 
on the reactions between certain raw lead glazes and a 
body. Studies of the results of reactions between bodies 
and glazes have been made by several writers.’ 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 2, 1941 
(White Wares Division). Received June 23, 1941. 

This paper is based on research conducted by the junior 
author in the preparation of a thesis to satisfy in part the 
requirements for the degree of Master of Science in Ceramic 
Engineering at the University of Illinois. 
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ll. Experimental Procedure 

The compositions of the twelve raw lead glazes that 
were studied are given in Table I. 

These glazes were prepared from the following raw 
materials: red lead (Pb;0,), calcium carbonate 
(CaCO;), calcined zinc oxide (ZnO), raw Florida clay, 
calcined clay, and Ottawa silica (SiO). 

The ingredients were milled for 2 hours with 40% 
of water, After the specific gravity of each of the glazes 
was adjusted to suitable dipping consistency, the glazes 
were applied to commercial bisque tile pieces, 1°/, by 
in. in size. 


6800 ] 
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Fic. 1.—Solubility of body in glaze No. 1; A shows 
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I 
ComposiITions OF Raw Leap GLAZES 
Glaze Glaze 
No. Composition No. Composition 
1* 0.4 PbO st 0.6 PbO 
0.3CaO 0.1 ALO; 1.2Si0, 0.3CaO 0.35 2.4 SiO, 
0.3 ZnO 0.1 ZnO 
2 0.4 PbO ) 
0.3 CaO 0.35 Al,O; 1.2Si0, 9§ 
0.3ZnO 0'3C20 0.15 ALO; 1.2Si0, 
3 0.4 PbO 0.1Zn0O 
0.3CaO 0.1 AlO, 2.4 Si0, } 
0.3 ZnO 
10§ 0.1 KNaO 
03640 | 0.35 ALO, 2.4Si0, 0.3CaO 0.35 AlsO, 1.2Si0, 
0.3ZnO 0.1Zn0 | 
5t 0.6 PbO 
0.3CaO 0.1 AkLO, 1.2Si0, 115 0 1 | 
0.1Zn0 } 0.5 PbO 0.15 2.4Si0, 
0.3Cad 2. 
6t 0.6 PbO 0.1 ZnO 
0.3CaO 0.35 Al,O,; 1.2 SiO, 
0.1 ZnO 
7t 0.6 PbO 12§ 
0.3CaO 0.1 2.4Si0, 0'3CaO 0.35 Al,O, 2.4Si0, 


* Selected from tests made by Parmelee and Horak, see 
footnote reference 1 (c). 

¢ Glaze described by H. F. Staley in “‘Study of Relation 
Between Fusibility and Heat Range in Glazes,”’ Trans. 
Amer. Ceram. Soc., 15, 694-705 (1913); p. 695. 


The dipped tile were placed in saggers, washed with a 
lead glaze, and matured at cones 02, 2, and 4 in a small 
gas-fired laboratory kiln. The firing schedule was 8 
hours, and the last 2 hours constituted a soaking heat 
treatment. 

After firing, a thin vertical section of each glaze was 
prepared for microscopic study. 

Because one thin section gave only a limited amount 
of material for observation, the tile portion of the glazed 
pieces was ground off until only a small amount of the 
body adhered to the glass. The glassy portion was 
then crushed and used for study in oils of varicus 
indices. 

A suitable temperature for growing the crystals was 
determined because the crystals that separated near 
the glaze and body interface were too minute to identify 
from the thin sections. Glazes Nos. 1, 5, and 9, which 
had previously been fired to cone 4, were melted on 
small pieces of platinum foil and held at 1150°C. in an 
electric furnace for 4 hours. These glazes were then 
examined with a microscope to identify the crystalline 
materials (see Tables II and III). 

The amount of body possibly taken into solution by 
glaze No. 1, matured on the body at cone 4 in an electric 
furnace at 1150°C. for 4 hours, was determined as 
follows: A portion of the glaze was melted alone at 
cone 4, and its refractive index was determined and 
compared with the indices of refraction of a series of 
mixtures of glaze and body in varying proportions (see 
Fig. 1). These mixtures were fused in a closed container 
to minimize vaporization losses, inasmuch as an ap- 


t Glazes not included in this paper; they differ from the 
original glazes only in Al,O; content. 

§ Glazes selected from laboratory notes of 1921-1922 
which were used for student instruction. 


TaB_Le II 
CRYSTALLINE MATERIALS IDENTIFIED IN GLAZES MATURED 
AT Cone 4 
Glaze No. Cone No. Crystalline material 

1 4 Anorthite 

5 4 ee 

9 4 
TABLE III 


CRYSTALLINE MATERIALS IDENTIFIED IN GLAZES MELTED 
ON PLATINUM FoIL 


Glaze No. Crystalline material 
1 Gehlenite 
5 Gehlenite and wollastonite 
9 ee 


preciable change in the index of refraction was caused 
by the loss of volatile materials (see Fig. 2) 


Ill. Discussion of Results 
The glazes may be arranged conveniently for discus- 
sion in four groups as follows: (1) low alumina and 
low silica, (2) high alumina and low silica, (3) low 
alumina and high silica, and (4) high alumina and high 
silica. 


(1) Low Alumina and Low Silica 

Glazes Nos. 1, 5, and 9 were glossy and well matured 
at cones 02, 2, and 4, and their microscopic appearance 
was similar in that each one had a distinct interfacial 
layer containing anorthite crystals. The interfacial 
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Fic. 3.—(A) Glaze No. 11 fired to cone 4, quartz grains 
converted to cristobalite and tridymite; (B) glaze No. 12 
fired to cone 4, body slightly attacked, quartz in glaze 
disappeared, anorthite and wollastonite crystals visible; 
(C) glaze No. 9 fired to cone 4 and reheated to 1000°C. for 
15'/, hours, considerable increase in size of crystals at 


G, glaze; J, interface; B, body. 


interface. 


layer in glazes Nos. 1 and 5 was developed to about the 
same extent at cones 02 and 2, but there was a slight 
increase in size at cone 4. The size of the crystals at 
the interface, however, did not change. In glaze No. 
9, the interfacial layer showed a progressive increase in 
size with increased firing temperature. Because glaze 
No. 9 contained 0.1 equivalent of KNaO and 0.5 
equivalent of PbO, this combination probably produced 
a low viscosity glass which readily attacked the body 
and resulted in a large interfacial layer. The anorthite 


(1942) 


crystals at the interface in glaze No. 9 also showed an 
increase in size with an increase in temperature. 

The interfacial layer of these glazes usually contained 
large amounts of quartz grains that were badly at- 
tacked, but because they were more resistant to attack 
than the surrounding material they stood out boldly. 
It was noticeable that where quartz grains existed in 
the interface, the interfacial layer was not so large or so 
well developed. The clay-feldspar complex in the body, 
therefore, contributed more to the development of the 
interfacial layer which would raise the alumina and 
silica content of the glaze and very likely would produce 
the crystalline materials that appeared in the glazes. 

In glazes Nos. 1, 5, and 9, which were melted on 
platinum foil, gehlenite (2CaO-Al,O;-SiO,) and wol- 
lastonite (CaO-SiO,) crystals were observed. Because 
the alumina and silica content of the glazes was prob- 
ably increased by solution of the clay-feldspar complex 
from the body, it was logical for anorthite (CaO -Al,O;- 
2SiO,) to appear at the glaze and body interface. 


(2) High Alumina and Low Silica 

Glazes Nos. 2, 6, and 10 were markedly similar in 
their macroscopic and microscopic appearance at all 
of the firing temperatures. 

Thin sections of these glazes showed that the glass- 
iest portion was in contact with the body, whereas the 
upper portion consisted mainly of undissolved quartz 
and was quite full of large bubbles and bubble craters. 
In no instance, however, was the glassy layer entirely 
separated from the body. There was always a thin 
glassy layer next to the body. The conduct of these 
glazes indicated that the most easily fusible portion 
separated from the less fusible portion and that the 
melting proceeded outward from the body. 

Anorthite and wollastonite crystals were observed in 
these glazes. 

It was evident that the glazes did not attack the 
body vigorously despite the fact that the glassiest por- 
tion of the glaze was in contact with the body. Their 
high alumina content no doubt caused an appreciable 
decrease in the attack on the body. 


(3) Low Alumina and High Silica 


Glazes Nos. 3 and 7 were definitely less fusible than 
glaze No. 11 at all firing temperatures, but all were 
similar in other respects. 

These glazes developed a distinct glassy layer ad- 
jacent to the body, whereas the upper portion was im 
mature or contained undissolved materials. They 
differed in their conduct from those in group (2) be- 
cause their interfacial layer had a better development, 
which showed a gradual improvement as the tempera- 
ture was increased. 

Glaze No. 11 was interesting because the quartz 
grains in the upper portion showed considerable erosion 
and inversion to cristobalite generally (see Fig. 3 (A)). 
There were some small grains of tridymite which do 
not appear in the figure. 

Although these glazes were not particularly fusible at 
the firing temperatures used, they show that the high 
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Fic. 4.—All photographs taken in white light, X 325; (A) glaze No. 3 fired to cone 02, crystals too small to identify; 
(B) glaze No. 3 fired to cone 2; (C) glaze No. 1 fired to cone 4; (D) glaze No. 2 fired to cone 4, anorthite crystals 
0.009 to 0.018 mm. long. G, glaze; J, interface; B, body. 


Fic. 5.—(A) Glaze No. 4 fired to cone 4, body shows giaze penetration; (B) glaze No. 5 fired to cone 4, interfacial 
crystalline layer well developed; (C) glaze No. 6 fired to cone 4, no interfacial layer; (D) glaze No. 7 fired to cone 4, 
shows distinct interfacial layer. G, glaze; J, interface; B, body. 
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Fic. 6.—(A) Glaze No. 8 fired to cone 2, no visible interfacial layer; (B) glaze No. 8 fired to cone 4, interfacial layer 
with no distinct crystals; (C) glaze No. 9 fired to cone 4, interfacial layer with quartz and anorthite crystals; (D) 


glaze No. 10 fired to cone 4, no appreciable attack on body, entire glaze a matrix of anorthite crystals. 


I, interface; B, body. 


quartz content did not decrease their attack on the 
body as much as a high alumina content did in glazes 
Nos. 2, 6, and 10. 


(4) High Alumina and High Silica 

Glazes Nos. 4, 8, and 12 were semiglossy at cones 02 
and 2 and glossy at cone 4. No distinct interfacial 
layers developed in glazes Nos. 8 and 12 until they 
were fired at cone 4. A distinct layer was not formed 
in glaze No. 4, but there appeared to be a layer of the 
body which had been penetrated by the glaze. This 
shows that the interfacial layer occurs through gradual 
solution of the body as well as through physical ab- 
sorption of the glaze by the body, with the body sub- 
sequently being taken into solution. 

The maturing characteristics of glaze No. 4 were 
also interesting inasmuch as the glassy portion seemed 
to develop near the top of the glaze layer and the im- 
mature portion existed close to the body. This indi- 
cates that the melting and maturing of a glaze do not 
necessarily have to start at the glaze and body contact. 

From the observations made during this investiga- 
tion, it cannot be concluded that the layer formed be- 
tween a glaze and a body is intermediate between a 
glaze and body in expansion characteristics. The layer 
that is formed may be intermedidte in expansion pro- 
vided it is not saturated so that a separation of crystals 
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G, glaze; 


occurs. If the crystals separate in this layer, however, 
there is little possibility that they have the same ex- 
pansion as the interfacial layer. 

The data in Fig. 2 show that the volatilization of PbO 
from the glaze was the chief factor for changes in the 
index of refraction of the glass. A comparison, however, 
of the indices of refraction for the glaze that contained 
various percentages of body with the refractive index 
of the glaze with no body added shows that the addi- 
tions of body to the glaze results in a significant change 
in the index of refraction other than that due to the 
volatilization of PbO. The index of the glass removed 
from the body fired to cone 4 shows that between 37% 
and 47% of the body by weight of dry glaze had been 
taken into solution. 

The accuracy of this experiment cannot be deter- 
mined because of the error introduced by the volatiliza- 
tion of the PbO as well as by the inhomogeneity of the 
glass. These values do not seem much in error because 
the glaze containing 45% of body was still a clear glass 
when it was melted at 1150°C. for 4 hours, and the 
sample with 55% of body was beginning to appear 
opalescent. This indicates that the limit of solubility 
of the body in the glaze was reached under the condi- 
tions of time and temperature that were stated. 


DEPARTMENT OF CeRAmMIC ENGINEERING 
UNrversitTy or ILLINOIS 
Urpana, ILLINOIS 


4 #8 


STRESS-STRAIN CHARACTERISTICS OF PLASTIC CLAY MASSES* 


By R. Russe.t, Jr., anp C. F. Hangs, Jr. 


ABSTRACT 


The mechanical properties of plastic clay masses were investigated in terms of the 
fundamental concepts, stress and strain, and the interpretation involved the general 
terms, plasticity and workability. Compressive forces, applied by means of newly 
designed apparatus, were used throughout. A description is given of the apparatus 
as well as of the results for twelve different bodies, five individual clays, and five clay- 
flint mixtures. In addition to composition, the factors investigated were the effect of 
water content, aging, rate of stress application, and cyclic loading. It was found that 
“‘moisture equivalent,”’ that is, the moisture content required for an arbitrarily selected 
equilibrium stress value, is a satisfactory parameter for the comparison of the plastic 
properties of clays and of similar body compositions. Aging increased the plasticity of 
ball clays progressively, whereas the china clays and a porcelain body became more 
workable. Increasing the rate of stress application caused progressive increases in the 
equilibrium stress. On the basis of the results obtained, a practical method of dis- 
tingu ishing between plasticity and workability is presented. 


|. Introduction 


A majority of ceramic manufacturers are forced to 
rely on operating experience in the comparison of bodies 
compounded from different materials and in the main- 
tenance of their production bodies within desirable 
ranges for optimum workability. Although this method 
is not so unsatisfactory as might be expected, the 
development of an impersonal, practical method of 
evaluating plastic properties would be of great value. 

The terms “‘plasticity”’ and ‘‘workability’’ are widely 
used, but they are by no means specific in describing 
a plastic clay or body. Plasticity has been defined by 
Bancroft! as that property which enables a material 
to be deformed continuously and permanently without 
rupture during the application of a force which exceeds 
the yield value of the material. This definition dis- 
tinguishes plastic masses from viscous liquids because 
no yield value exists for the latter and an infinitely 
small force, theoretically, is sufficient to cause flow in 
viscous liquids. Whereas viscosity is a property as- 
signed to fluids even though they appear to be rigid 
solids, plasticity is a property associated with many 
solid-liquid mixtures as well as with a great many 
solids, most metals being outstanding examples of the 
latter. It may be assumed that, for pressures in ex- 
cess of the yield value, plastic masses behave essentially 
as viscous liquids, but this assumption is not entirely 
accurate because there is apparently a limit to the de- 
formation which can occur without rupture and be- 
cause such effects as strain hardening oppose the so- 
called viscous type of flow. 

In this investigation, the writers were primarily in- 
terested in the plasticity associated with solid-liquid 
dispersions of the ceramic clay and body type. Various 
concepts exist regarding the theory of plasticity in clay 
masses, and it is no doubt true that a combination of 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 2, 1941 
(White Wares Division). Received June 13, 1941. 

1W. D. Bancroft, Applied Colloid Chemistry, p. 183. 
McGraw-Hill Book Co., Inc., New York, 1926. 


factors controls this property. Although the term 
“plasticity” may be defined arbitrarily, it is difficult to 
evaluate or to compare one mixture with another on 
the basis of plasticity. 

A general term, such as “workability,” therefore 
seems to be almost beyond accurate evaluation or defi- 
nition considering that even more factors are involved 
than in the case of plasticity. Thus, unt: there is 
a clearer understanding of the fundamentals affecting 
plasticity and workability and until there is a definition 
in terms of measurable quantities, their use must neces- 
sarily be ambiguous and subject to various interpreta- 
tions. This investigation, therefore, has been confined 
to fundamental physical values, such as time, stress, 
and strain, and to an attempt to interpret the data thus 
obtained for plastic masses in terms of the broader 
concepts, such as plasticity and workability. 


ll. Previous Investigation 
Many attempts have been made to study and evalu- 
ate plastic properties, and devious methods have been 
employed, for example, (a) the hand-feel method of 
experienced operators,? (b) the use of the Bingham- 
Green plastometer,* and (c) the ball deformation test of 


Mellor.‘ 

Bleininger,® in measuring the flow characteristics of 
plastic bodies under pressure, found that pressure and 
water content were in inverse relation. An instrument 


2G. A. Bole, ‘“Mechanism of Plasticity from a Colloidal 
Standard,’”’ Jour. Amer. Ceram. Soc., 5 [8] 469-77 (1922); 
p. 474. 

3 (a) H. Green, “Further Development of the Plas- 
tometer and Its Practical Application to Research and 
Routine Problems,” Proc. Amer. Soc. Testing Materials, 
20 [II] 451-04 (1920). 

(6) Hewitt Wilson, Ceramics: Clay Technology, p. 109. 
McGraw-Hill Book Co., Inc., New York, 1927. 296 pp. 
Ceram. Abs., 6 [11] 547 (1927). 

*J. W. Mellor, “Plasticity of Clay,” Trans. Ceram. 
Soc. [England], 21, 93-94 (1921-1922). 

5 A. V. Bleininger and D. V. Ross, “‘Flow of Clays under 
gael Trans. Amer. Ceram. Soc., 16, 392-400 (1914); 
p. 396. 


16 Vol. 25, No. 1 


— 


Stress-Strain Characteristics of Plastic Clay Masses 17 


developed by Emley* was adapted for testing plastic 
clays and is reported to indicate the relative behavior 
of clays in jiggering. 

Numerous penetrometer methods have been de- 
veloped, but no very satisfactory apparatus has re- 
sulted; such tests appear to be too greatly affected 
by skin effects and surface conditions to be very re- 
liable. 

Thiess’ used a Plastograph, which records plastic 
properties in terms of the torque required to turn mix- 
ing blades through plastic mixtures. 

Stull and Johnson® investigated the relationship be- 
tween flow-point pressure and moisture content for 
several clays, forcing the clay through a die at a con- 
stant rate. Notable differences were observed in flow- 
point pressure with variation in water content. 

Wilson,® Norton,’® and Graham and Suilivan™ used 
a torsion stress obtained by means of apparatus of 
similar design. Roller,"* on the other hand, developed 
a compression method and pointed out certain ad- 
vantages over torsion methods. The torsion results 
obtained by these investigators were reported in terms 
of torque (stress) and angle of twist (strain). In his 
original work, Wilson*® concluded that the plasticity 
of finely ground minerals with water is due to stable 
viscous water films held on the surfaces of the particles 
and that the stability of the water films is proportional 
to the stress at the yield point. 

Norton’® used three properties to express work- 
ability, namely, yield point, maximum strength, and 
deformation at the rupture point. He concluded that 
yield point determines the ability to retain shape and 
that deformation or maximum extensibility determines 
the degree of resistance to rupture during forming, 
whereas the maximum value of the product of yield 
point and deformation determines the optimum water 
content for best workability. Tae maximum strength 
of a plastic mass determines the power required to work 
the clay. Norton showed that a clay is truly elastic 
below its yield point and that increased rates of stress 
application give higher yield values and maximum de- 
formations, that is, they make a clay act as though it 
were abnormally plastic. 


* W. E. Emley, “Instrument for Measuring Plasticity,” 
Trans. Amer. Ceram. Soc., 19, 523-33 (1917). 

’ L. E. Thiess, ““Method of Recording Plastic Properties 
of Porcelain Bodies,’’ Jour. Amer. Ceram. Soc., 22 [9] 286- 
89 (1939). 

*R. T. Stull and P. V. Johnson, “Relation between 
Moisture Content and Flow-Point Pressure of Plastic 
Clay,’’ Jour. Research Nat. Bur. Standards, 22 [2] 329-37 
(1939); R. P. 1186; Ceram. Abs., 18 [6] 165 (1939). 

* E. O. Wilson, “Plasticity of Finely Ground Mineral 
with ee Jour. Amer. Ceram. Soc., 19 [4] 115-20 
(1936). 

“ F. H. Norton, “Instrument for Measuring Work- 
ability of Clay,”’ sbid., 21 [1] 33-36 (1938). 

'' (a) R. P. Graham and J. D. Sullivan, ‘““Workability 
of Clays,”’ ibid., 22 [5] 152-56 (1939). 

(6) R. P. Graham and J. D. Sullivan, “Improved Ma- 
chine Shows Different Forms of Failure of Clay Bodies in 
Torsion,” Bull. Amer. Ceram. Soc., 18 [3] 97-100 (1939). 

‘* P. S. Roller, ‘Plastic Flow of Dispersions and a New 
Approach to the Study of Plasticity,” Jour. Phys. Chem 
43 [4] 457-89 (1939); Ceram. Abs., 19 [1] 30 (1940). 
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Graham and Sullivan," in an investigation of six 
clays, made certain refinements in the methods em- 
ployed and observed differences in types of failure char- 
acteristic of different clays. In all cases, the yield 
point and the maximum torque (maximum stress) de- 
creased with increasing water content, and maximum 
deformability depended on the type of clay. 

Roller,’? using a compression method of obtaining 
stress-strain data, investigated the characteristics of 
various plastic compositions, including several types 
of clay, and he discussed the theory involved rather ex- 


Fic. 1.—Clay-compression apparatus. 
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Fic. 2.—Schematic sketch of clay-compression machine. 
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tensively. He devised a law of plastic flow with two 
constants, the yield value and the coefficient of reni- 
tence (an inverse quantitative measure of plasticity), 
and he concluded that workability depends on softness, 
which is an inverse expression of the yield value and 
plasticity. He also found that the coefficient of 
renitence is of the greatest importance in determining 
the stress at practical deformations but that it is an 
essential constant for a given system so that only the 
yield value can be changed arbitrarily and this by vary- 
ing the water content. Liquid retention, or the per- 
centage of liquid phase at a specified yield value of 
reference, was found generally to increase with the 
plasticity as has been observed in practice. 


Ill. Method of Investigation 


All tests in this investigation were made on specimens 
deformed by means of compressive stresses. Twelve 
ceramic body compositions, five individual clays, and 
mixtures of each clay with flint in equal proportions 
were tested (see Table I). The body compositions and 
clays were tested at not less than three moisture con- 
tents that were selected arbitrarily for each to define 
its workable range. In addition to comparing the 
effect of composition and of water content in governing 
the plastic properties, the following points were in- 
vestigated for selected compositions: (a) the effect of 
aging, (b) the effect of rate of stress application, and 
(c) the effect of alternate stressing and unstressing. 


(1) Apparatus for Stress Application 
The clay-compression apparatus* was designed to 
* Clay compression apparatus designed by A. Nadai 


with assistance from H. C. Harrison, Research Labora- 
tories, Westinghouse Electric & Manufacturing Company. 


yield values which could readily be calculated to the 
simple concepts of stress and deformation or strain, the 
rate of stress application being arbitrarily selected be- 
fore a test. A formed clay specimen of definite dimen- 
sions is compressed between two parallel plates at a 
constant strain rate according to the equation, t 


h = specific height. 
i = time. 
K = natural strain rate. 


Figures 1 and 2 show the clay-compression appara- 
tus. 

The compression of the specimen between the parallel 
plates is effected by means of a cam drawn by a motor 
drive so that a roller follower attached to the lower 
compression plate is lifted according to the cam for- 
mula, 


y = A (1 — e~*). 


y = vertical increment of cam movement. 
A and B = constants. 
e = natural log base. 


The cam is designed so as to reduce the movement of 
the lower plate progressively as the height of the speci- 
men decreases during compression; a constant strain 
rate is thus approached. 

The upper plate movement is resisted by calibrated 
loading springs. A  pseudostress-strain curve is 
traced on a smoked glass plate by an index arm which 
is connected by jewelled links to the upper shaft, the 


t Description of machine from personal report of J. E- 
Brock. 


TABLE I 
Bopy COMPOSITION Data 


Cl 
Code Type of Body (% 
CC-S Semivitreous dinnerware 52.0 
CH-S r heatshock ware 50.0 
LH-S + dinnerware 52.0 
LH-F 4 special ware 45.0 
CH-V Vitreous heatshock ware 50.0 
CG-VS chemical stoneware 
CA-V 5 high mullite porcelain 55.0 
CG-V = steatite electrical porcelain 20.0 
WT-V - electrical porcelain 50.0 
Clays tested 
No. 4 Ky. ball clay 100.0 
Dark special ball clay % 
Fla. kaolin 
Ga. kaolin 
English china clay No. 30 = 
Clays with flint added 
No. 4 Ky. ball clay 50.0 
Dark special ball clay a 
Fla. kaolin 
Ga. kaolin <i 
English china clay 43 


H:20 (%) 


For equilibrium 


stress of 

Nonplastics Used in Range 5.0 Ib./- 
(% manufacture ‘m test sq. in. 
48.0 26.0 25.0-31.0 26.20 
50.0 28.0 25.0-31.0 26.55 
48.0 28.0 25.0-31.0 26.95 
55.0 28.0 25.0-31.0 27.55 
50.0 29.0 25.0-31.0 26.70 
30.0 30.0—-26.0 31.70 

45,0 27 .0-33.0 28.90 
80.0 27 .0-33.0 £9.10 
50.0 28.0 25.0-34.0 27.80 
53.0 28.0 24.0-30.0 26.25 
55.0 23 .0-33 .0 25.35 
57.0 23 .0-33 .0 25.15 
0.0 46 .0-52.0 47.10 
49 .0-56.0 54.60 

47 .0-53 .0 50.70 

30.0-39.0 34.00 

38.0-44.0 40.10 
50.0 27 .0-33.0 29.90 
30.0-36.0 33.60 
30.0-36.0 32.80 
24.0-30.0 23.90 
33 .0-39.0 32.85 
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glass plate itself being moved by a cord attached thereto 
a distance equal to (or double) that of the lower com- 
pression plate. Variable strain rates may be obtained 
by arbitrary selection of pulley combinations between 
the driving motor and cam. 


(2) Test Methods 

(A) Preparation of Specimens: The general method 
of preparing the plastic compositions consisted of 
mixing powdered raw materials or powdered bodies 
with a predetermined amount of water in a Hobart 
dough-type mixer. Two thousand grams of dry ma- 
terial were used for each composition prepared in this 
manner. In every case, the plastic composition as 
mixed was placed in metal containers to allow the 
moisture content of the mass to equalize itself through- 
out and to permit aging without loss of moisture. 


Fic. 3.—Test specimens and perforated brass mold. 


After the plastic clay or body had aged the desired 
period, at least three specimens, 1.5 in. in diameter 
and 2 in. long, were formed in a perforated brass, 
cylindrical mold (Fig. 3). The mold perforations 
helped to avoid the entrapment of air near the specimen 
surface during the molding. The molded specimens, 
which were stored temporarily in a jar provided with 
a humid atmospu..ere to prevent drying, were tested in 
compression between the parallel plates shortly after 
they were formed. At least three specimens were 
tested in all cases and an average result was obtained. 

(B) Determination of Moisture Content: Each 
specimen was weighed on a chemical balance to an ac- 
curacy of lmg. It was then placed between two sheets 
of 7-cm. moistened filter paper and tested in the ma- 
chine; the filter paper was used to prevent the loss of 
clay particles and to avoid sticking to the compression 
plates. The specimen was removed from the machine, 
placed on a glass plate (still between the sheets of filter 
paper), and dried in an electric oven at 110°C. for 40 
hr. The dried specimen was cooled in a desiccator for 
4 hr., and the dry weight was determined (a correction 
of 0.632 gm. was applied for the weight of the two filter 
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papers). All moisture calculaticus were made on a dry 
weight basis. 

(C) Methods of Preparing Data*: Because the clay- 
compression machine (Figs. 1 and 2) does not yield a 
stress-strain curve directly but rather one in which the 
stress ordinate is curvilinear and the abscissa is a func- 
tion of both stress and strain, all curves obtained 
directly were replotted in terms of true stress and strain. 

The smoked glass slide from the testing machine was 
placed in a photographic enlarger, and the curves were 
traced free-hand on a curve sheet to double scale (see 
Fig. 4). Photographic prints of the slides were also 
made when necessary to preserve accurate and com- 
plete records. 


Fic. 4.—Sample curve sheet; 50% of dark special ball 
clay plus 50% of flint; aging, 1 hr. 


Several methods were used to obtain the stress-strain 
curves from the curve sheet, and a graphical construc- 
tion,f scribed on a xylonite triangle, was adopted. 
When this triangle was placed on a curve sheet properly, 
pairs of values, X and Y, were obtained for several 
points of the original curve. These values were then 
used to compute true stress and strain, and a stress- 
strain plot was made. 

The stress, oo, is the load applied divided by the 
original cross-sectional area of the specimen. Be- 
cause the area increases during the compression, the 
actual load per unit area is given by the stress, ¢; 
this is easily computed by making two simple assump- 
tions which are essentially correct for deformations of 
the order of 40 to 50% in materials of this type, namely, 
that the volume of the specimen remains constant and 
that it retains its cylindrical shape during compression. 

If Ag and hp, respectively, are the cross-sectional area 
and height of the undeformed specimen and if A and h 
refer to these quantities during the course of a test, 
the first assumption named gives the following values: 


= Ah. 


¢@ = true stress. 


* Personal report of J. E. Brock. 
t By B. Weintraub, Westinghouse Research Labora- 
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The actual unit stress is thus given in terms of the 
original unit stress and strain, both of which may be 
obtained by the xylonite triangle construction; in other 
words, it is possible to calculate essentially true values 
of stress and strain for a known rate of stress applica- 
tion. 

A sample data sheet obtained by using the xylonite 
triangle is shown in Table II. The values of X in 
column (1) represent distances in inches along the 
X-axis of the enlarged tracing. In this work, 


¢ (strain) = '/, X. 


Thus, to obtain ¢, the value of X must be divided by a 
factor of 2 because the pulley ratio used moved the 
smoked-glass plate laterally a distance of twice the 
movement of the lower plate; by a second factor of 2 
because of the double enlargement used in tracing; and 
by a third factor of 2 because the original specimen 
height is 2in. The strain values are shown in column 
(2) of Table IT. 


TABLE II 
SamMP_Le Data SHEET 
Dark special ball clay (50.56% of moisture, aged 4 hr., see Fig. 4) 


(1) (2) (3) (4) (5) 
Strain True unit 

X (in.) = 1X) — Y stress 
0.0 0.0000 1.000 22.6 5.03 
0.5 0.0625 0.9375 30.0 6.24 
1.0 0.1250 0.8750 34.5 6.62 
1.5 0.1875 0.8125 27.9 6.76 
2.0 0.2500 0.7500 41.3 6.76 
2.5 0.3125 0.6875 46.2 6.88 
3.0 0.3750 0.6250 52.2 7.00 
3.5 0.4875 0.5625 60.4 7.19 


The values of Y, column (4), were obtained by super- 
imposing the xylonite triangle on the tracing with 
the zero point at arbitrarily selected values of X. 

It was found by actual loading that the total applied 
load, 


P = 0429. 
P  042Y 
Th =P _9A42Y _ goggy. 


The true unit stress shown in column (5) was cal- 
culated as follows: 


o = oo(1 — = 0.238 Y(1 — 


Essentially true pairs of stress and strain values were 
thus obtained and plotted as shown in Fig. 5. 
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(D) Methods of Plotting Data: Three principal 
methods of plotting the results were used. (1) The 
stress-strain curve obtained for a given set of conditions 
was plotted with the actual unit stresses in pounds 
per square inch as ordinates and the strains in inches 
per inch height of specimen as abscissas (Fig. 5). 
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o-unit stress (1b./sg.in. actual area) 
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Fic. 5.—Stress-strain curves for body WH-V with dif- 
ferent moisture contents; (p.s.i. = lb. per sq. in.); 
curve No. 1, M = 24.23% of water; No.2, M = 26.80% 
of water; No. 3, M = 29.81% of water; No. 4, M = 
34.90% of water. 


These curves in general showed but little strain up to 
the yield point, followed by a range in which constant 
or slightly increasing stress produced an increasing 
amount of strain, and finally a point was reached where 
the stress increased rap’ily. (2) The equilibrium 
stress or the stress which produced a constant strain 
beyond the yield point was plotted as the ordinate 
with the percentage of moisture in the test mixture as 
the abscissa. Such curves, of course, were obtained 
when the moisture content was arbitrarily varied within 
the plastic range whereas all other conditions, such as 
composition and aging, remained constant (Fig. 6) 
(3) The equilibrium stresses and the moisture con- 
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Fic. 6.—Equilibrium stress vs. moisture content in 
porcelain bodies. 
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tents used to plot type (2) curves were used for a plot 
in which the log equilibrium stress was the ordinate 
and the moisture content was the abscissa (Fig. 7). 
This type of plot has the advantage of yielding an es- 
sentially straight-line plot for moisture content within 
the plastic working range and was generally used to 
compare results. Equilibrium stress is the average of 
the yield-point stress and stress at maximum strain; 
it is usually somewhat higher than yield-point stress 
because most clays and bodies in effect require slightly 
increasing stresses even in the equilibrium range to 
produce additional strain. This does not necessarily 
mean that there is no true yieid point or equilibrium 
range but rather that special considerations are in- 
volved. The rate of stress application, for example, is 
undoubtedly important (shown later in section IV (5)), 
and there is reason to expect that true stress equilibrium 
is seldom approached within plastic bodies that are 
tested at the standard strain rate adopted, that is, 
K = 0.117 in. per in. per sec. 


IV. Results and Discussions 
Norton’ has shown that yield-point pressure, which 
is one of the concepts involved in plasticity evaluation, 
is inversely proportional to the water content for the 
plastic working range. This evaluation and practical 
knowledge indicate that plasticity is ptoportional to 
the yield point resulting for a given water content, or, 
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Fic. 7.—Log equilibrium stress vs. moisture content: 
curve No. 1, Ga. kaolin; Nc. 2, English china clay; 
No. 3, Ky. ball clay No. 4; No. 4, Fla. ball clay; No. 5, 
dark special hall clay; clays aged 1 day. 
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Fic. 8.—Log equilibrium stress vs. moisture content: 
50% of clay and 50% of flint; mix aged 1 hr.; curve No. 
1, Ga. kaolin plus flint; No. 2, Ky. ball clay No. 4 plus 
flint; No. 3, Fla. kaolin plus flint; No. 4, English china 
clay plus flint; No. 5, dark special ball clay plus flint. 
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as a corollary, that the water content necessary to pro- 
duce a given yield value is one measure of plastic prop- 
erties. For the analyses of results herein obtained, 
this latter theory was applied except that equilibrium 
stress instead of yield-point stress was used. An ar- 
bitrary equilibrium stress of 5 lb. per sq. in. (antilog 
of 0.7) was selected, and moisture contents cor- 
responding to this value of stress were obtained from 
the log o.q.-moisture content curves; such a value is 
called “‘moisture equivalent.” 


(1) Individual Clay Tests 


The moisture equivalents of the individual clays ob- 
tained from Fig. 7 are listed in Table I in their decreas- 
ing order as follows: (1) dark special ball clay, (2) 
Florida kaolin, (3) No. 4 Kentucky ball clay, (4) 
English china clay, and (5) Georgia kaolin. Assuming 
that the moisture equivalent is related to plasticity, 
the results, which agree with the properties generally 
assigned to these clays, indicate merit for this method 
of analysis. The position of the Florida kaolin inter- 
mediate between the two ball clays is interesting and 
bears out the exceptional plastic character of this clay. 
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Fic. 9.—Log equilibrium stress vs. moisture cdntent; 
bodies aged 1 day. 


(2) Clay-Flint Tests 

The curves resulting from the stress-strain data 
thus obtained are shown in Fig. 8. The relationship 
between the clay-flint mixtures approximated that ob- 
tained for the clays individually except for the English 
china clay, which moved from a position intermediate 
between Georgia kaolin and No. 4 Kentucky ball clay 
to approximately the same position as Florida kaolin. 
The slope of the English china clay curve is somewhat 
greater than that of the other compositions. In the 
order of decreasing moisture equivalent (see Table I), 
the other four clays were (1) dark special ball clay, 
(2) Florida kaolin, (3) No. 4 Kentucky ball clay, and 
(4) Georgia kaolin. These data indicated that some 
clays may act rather abnormally in their effect on plas- 
tic properties of bodies as compared to their individual 
natural behavior. 


(3) Body Tests 

The bodies (see Table 1) were grouped into two clas- 
sifications for convenience; group I included eight 
miscellaneous bodies, curves for which are shown in 
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Figs. 9 and 10. Group II included four high-tension 
electrical porcelain compositions (Fig. 11). 

(A) GroupI Bodies: The eight miscellaneous bodies 
included four semivitreous whiteware compositions, 
CC-S, CH-S, LH-S, and LH-F (Table I); these bodies 
had moisture equivalents of between 26.2 and 27.55, 
indicating that they possess similar plastic properties 
despite the fact that they were compounded from dif- 
ferent combinations of materials. Body LH-F, which 
contained the lowest percentage of clay of these four 
bodies, had the highest (27.55) moisture equivalent. 
This may have been due to the use of a higher percent- 
age of very plastic clays or possibly to a unique com- 
bination of nonplastic constituents. 
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Fic. 10.—Log equilibrium stress vs. moisture content; 
bodies aged 1 day. 


The chemical stoneware (body CG-VS) had a mois- 
ture equivalent of 31.7, the highest of any of the bodies 
tested. This body was considerably different from the 
whiteware bodies as to constituent materials for it con- 
tained comparatively coarse nonplastics and also 
plastic stoneware clays. The vitreous high mullite 
porcelain (CA-V) had a fairly high moisture equivalent 
(28.9), which may be attributed to its high clay content 
although the type of nonplastic used may have exerted 
some effect. 

The steatite body (CG-V) which contained only 20% 
of clay had a rather high moisture equivalent (29.1), 
which would seem to indicate that the moisture- 
equivalent method of analysis is not valid. Such is 
not the case, however, although it does prove that other 
considerations are involved as, for example, the type 
and percentage range of the nonplastic constituent 
used. This body was unusually high in tale which, 
even in equivalent amount, would behave somewhat 
differently from flint or feldspar both as to the neces- 
sary water for wetting and its effect in controlling 
plastic properties. 

These data indicate that, on the basis of moisture 
equivalent, it is inadvisable to compare bodies of very 
different types wherein the fineness, specific gravity, 
mineral structure, or percentage by weight of the 
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Fic. 11.—Log equilibrium stress vs. moisture content of 
porcelain bodies. 


nonplastic constituents is markedly different. On the 
other hand, moisture equivalent data should be useful 
in checking variations (a) in a given body, (b) in study- 
ing the effects of various clays individually or in stand- 
ard bodies, or (c) in comparing bodies of similar com- 
position. 

(B) Group II Bodies: The four high-tension elec- 
trical porcelain compositions included a plastic, tough 
body (WT-V), a less plastic body (WH-V), and two 
variations of WH-V. One of these, WX-V, varied 
from WH-V only in an increase of 2% in the nonplas- 
tic constituent; in body WY-V, the increase was 4%. 
These variations were made to determine the effective- 
ness of the test specimens in distinguishing small 
changes in body composition. 

Body WT-V, which was known to possess the highest 
plasticity from a commercial standpoint, had the high- 
est moisture equivalent (27.8), whereas that of the 
less plastic body, WH-V, was 26.25. This is interest- 
ing because WH-V was similar to WT-V, but it con- 
tained 3% less clay constituent. 

Bodies WX-V and WY-V had decreasing moisture 
equivalents of 25.35 and 25.15, respectively, as com- 
pared to 26.25 for WH-V, again indicating that small 
variations in plastic properties may be detected by this 
method. 

It is interesting to compare the moisture-equivalent 
results obtained from the ten whiteware bodies with 
the results for the clay-flint compositions. All of these 
bodies had lower moisture equivalents than the flint 
mixtures with dark special ball clay, No. 4 Kentucky 
ball clay, Florida kaolin, or English china clay, which 
indicated that the bodies were less plastic than these 
clay-flint mixtures. The Georgia kaolin-flint mixture, 
on the other hand, had a lower moisture equivalent 
than any of the bodies tested, indicating a higher plas- 
ticity for the bodies; this agrees with commercial usage 
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as most bodies are actually composed of a combination 
of clays of variable plasticities and of such nonplastic 
ingredients as flint, feldspar, and talc. 


(4) Aging Effects Tests 

Aging improves the plastic character or workability 
of ceramic bodies which may be due to (1) the more 
uniform distribution of moisture through the mass, (2) 
the complete disintegration or slaking by the moisture 
of any clay agglomerates, and (3) the promotion of 
bacterial growth and its effect in plasticity development. 

Owing to the influence of aging, all of the tests pre- 
viously described were standardized as to aging time, 
and it was decided to determine also the effect of various 
aging periods on plastic properties. The two ball’clays, 
three china clays, and the vitreous electrical porcelain 
body, WH-V, accordingly, were aged for periods of 15 
minutes, 4 hours, one day, and one week and then 
tested (Table IIT). 

A decided difference in the aging character of the 
clays was apparent. The two ball clays (Fig. 12) 
showed a progressive increase in moisture equivalent 
with aging time, the dark special ball clay showing the 
greater change. The three china clays (Figs. 12 and 
13), however, showed an opposite effect in that their 
moisture equivalents decreased with aging, an es- 
sentially constant value being reached after four hours, 


08 

6 

> | 

& og} 4 | 
* 24hr 

© / Weer | | 

44 46 48 50 $2 44 56 58 


M (% of water) dry basis 
Fic. 12.—Log equilibrium stress vs. moisture content; 
aging test; No. 1 curves, Ky. ball clay No. 4; No. 2 
curves, Fla. kaolin; No. 3 curves, dark special ball clay. 
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Fic. 13.—Log equilibrium stress vs. moisture content: 
aging test; No. 1 curves, Ga. kaolin; No. 2 curves, 
English china clay. 
(1942) 


TaB.e III 
EFFect oF AGING 
Moisture equivalent 


Composition 15 min. 4hr. Iday 1 week 
Dark special ball clay 53.0 53.9 54.5 56.0 
No. 4 Ky. ball clay 46.8 47.1 47.8 
Fla. kaolin 51.5 50.9 50.6 50.6 
English china clay 40.9 40.2 40.1 39.9 
Ga. kaolin 34.3 33.8 33.8 33.8 
Electrical porcelain, WH-V 27.0 26.6 26.4 26.0 


following which little change occurred on aging for an 
additional period up to one week. 

It is interesting to note that aging of the porcelain 
body, WH-VI (Fig. 14), resulted in a progressive decrease 
in moisture equivalent. The direction of change in 
body WH-VI, which contained 18% of ball clay and 29% 
of china clay, was the same as that noted for the china 
clays although no equilibrium condition was reached 
such as occurred with the china clays. The results 
indicate the inadvisability of attempting to predict 
aging effects in bodies from data obtained for the in- 
dividual constituents. 

The decrease in moisture equivalent in the case of 
the china clays and of the porcelain body and the in- 
crease in the case of the ball clays with aging is addi- 
tional evidence of the complicated character of plas- 
ticity and workability. On the basis of all of the fore- 
going tests, it may be assumed that one concept defir- 
ing plasticity is the moisture equivalent, that is, a 
highly plastic clay will require more moisture for the 
development of optimum workability than a less plas- 
tic clay. After the selection of the optimum moisture 
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Fic. 14.—Log equilibrium stress vs. moisture content: 
aging test for body WH-VI. 
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content, however, a change in the plastic properties 
may be expected to result from aging as well as from 
such other treatments as processing with or without 
vacuum treatment or from the use of electrolytes. It 
may thus be possible to distinguish between plasticity 
and workability as related to ceramic clays and bodies. 
Plasticity may be assigned as a property characteris- 
tic of a single material or of a mixture of materials; the 
property to be determined, moreover, should be af- 
fected by as few extraneous factors as possible. Al- 
though workability is definitely related to and depend- 
ent on plasticity, it will be controlled for a given 
material or combination of materials by the extraneous 
effects involved in processing. Reference, then, might 
be made to the plasticity of a given ceramic body, pre- 
pared under standardized conditions, and to the dif- 
ferent methods of treatment which would effect an im- 
provement in workability. 

An explanation of the aging effects for the various 
clays and for the porcelain body tested should be con- 
sidered. 

The apparent increase in plasticity of the ball clays 
with aging as determined by increased moisture 
equivalents may be attributed (1) to bacterial action 
and to the development of acids, which in effect render 
the clays more plastic, and (2) to slaking or disintegra- 
tion of the ball-clay particles resulting in increased sur- 
face area, which demands additional moisture to re- 
establish the same relationship between surface area 
and moisture content. This adjustment in effect 
would raise the equilibrium stress for a definite mois- 
ture content and indicate a higher plasticity value. 

Either of these changes for a given moisture content 
might be interpreted in terms of decreased workability 
because a greater pressure would be required to mold 
the clay. An increase in moisture content in the aged 
clay, however, would restore the original workability 
value, and the increased moisture would then indicate 
a higher plesticity value for the aged clay. 

The decrease in moisture equivalent of the china 
clays after they are aged may be attributed to the more 
uniform and effective distribution of the moisture 
within the plastic clay. The fact that an equilibrium 
condition was reached after only four hours of aging 
bears out this assumption. There is no appreciable 
bacterial action or progressive slaking of these clays 
to compare with that assigned to the ball clays owing 
to the low organic content and rapid slaking character 
of china clays. The china clays may be said to become 
more workable gs a result of aging for short periods. 

The reduction in moisture equivalent of the porcelain 
body with aging must be considered to be due to a com- 
bination of effects. Any tendency toward increase in 
moisture equivalent due to the presence of ball clays 
was evidently masked by other effects, among which 
were the natural reduction attributable to the china 
clays and to the soiution of alkalis from the feldspar. 
Although such alkali solution is not intense, it is un- 
doubtedly continuous and should tend to deflocculate 
a clay and lower the equilibrium stress. Base exchange 
and other phenomena may be involved, but there is 
no basis for further explanation of the results. 


(5) Speed Effects Tests 

Norton’® showed that the rate of stress application 
affected the yield-point stress and that higher values 
were produced by the faster rates. To determine the 
effectiveness of the present compression method in 
indicating variations that result from different rates of 
stress application, electrical porcelain body WH-V 
was tested for five strain rates between the limits of 
4.5 X 10' to 9.83 X 10~‘*in. per in. per sec.; this gave 
strain rates in the ratio of (approximately) 46,000 to 1. 
The stress-strain curves (Fig. 15) show that increasing 
the strain rate within this range caused a shifting of 
the curve upward. In other words, the equilibrium 
stress increased with the strain rate for a given mois- 
ture content, indicating a poorer workability value for 
increased strain rates. The variation in equilibrium 
stress with strain rate is shown in Fig. 16; the equilib- 
rium stress for the slowest strain rate is thus shown to 
be nearly doubled by applying the fastest rate. Speed- 
effect data of this nature should be useful in the design 
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Fic. 15.—Speed effect; « — ¢ curves for various strain 

rates for body WH-V (M = 27.86); curve No.1, K = 

4.5 X 10' sec.-!; No. 2, K = 1.5 X 10° sec.-!; No. 3, 

K = 1.96 X 107! sec.-!; No. 4, K = 8.97 X 107 

sec.~!; and No. 5, K = 9.83 107‘ sec.~!; (sec.-! = 
in. per in. per sec.). 
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Fic. 16.—Speed-effect tests on body WH-V; curve C 
corresponds to Fig. 15; curves A and B, M = 26.92% 
of water; curve C, M = 27.86% of water; curve D, 
M = 27.99% of water. 
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of processing and forming equipment, such as dies, 
augers, and presses. 

Norton reported that the slope of the stress-strain 
curve increased with the strain rate, which indicates 
that equilibrium between stress and deformation is not 
reached for faster strain rates. The data herein ob- 
tained were insufficient, however, to draw any conclu- 
sions of this nature. 

In connection with speed-effect tests, apparatus* 
has been designed in which an arbitrarily selected unit 
stress is held constant during a test and the progres- 
sive strain is measured over an extended period. In 
this “creep test,”’ strain rates of less than K = 1 X 
10-*-§ result for the order of loading used, whereas with 
the original clay-compression machine, in which strain 
rate is a controlled variable, faster strain rates are more 
practical. It is hoped that this apparatus may be used 
to supplement the original equipment to permit the 
development of additional data and that similar equip- 
ment may possibly be developed for practical control 
usage. Two results, obtained with this apparatus, are 
plotted in Fig. 16, and they correlate favorably with 
the data obtained using the original compression ma- 
chine. 


(6) Cyclic Loading Tests 

Tests were made to determine the effect of cyclic 
loading as applied to plastic clay bodies. Figure 17 
shows the effect of a single reloading after the removal of 
the original load; the effect of hysteresis is clearly seen. 
The curve rose at once approximately to its original 
path even after it had been unloaded as long as six 
hours, which indicates that some effect, such as strain 
hardening, persisted and that a clay mass cannot be 
classified as elastic; an elastic mass would have fol- 
lowed the broken curve. This result was obtained for 


* Creep-test apparatus designed by J. E. Brock. 
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Fic. 17.—Unloading test: diagram (A) actual unit 
stress load per unit of actual area; diagram (B) load per 
unit of original area. 
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Fic. 18.—Cyclic 1oading test; load per unit of original 
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unloading stresses approximating the equilibrium stress 
so that the elastic character of clay below the yield 
point as reported by Norton is not disputed. It does, 
however, confirm the evidence that, at the yield point, 
a clay can support the load indefinitely. 

Figure 18 shows the effect of repeated cyclic loading 
and that there is little change from the single reloading 
previously described. In repeated cyclic loading, the 
hysteresis loops approach closer together with each 
successive cycle, indicating that the plastic mass be- 
comes progressively even less elastic. 


(7) Miscellaneous Observations 

(A) Development of Slip Planes: During the process 
of testing, the compressed specimens developed either 
vertical cracks or slip planes (Fig. 19) for deformations 
approximating the maximum value of deformability. 
Slip planes were noted for all of the clays that were 
tested individually, and they appeared as surface fis- 
sures at an angle from the vertical. The examination 
of the slip planes subsequent to testing revealed sur- 
faces characterized by slickensides (Fig. 20). The 
extent of slip-plane development for the clays was in 
decreasing order, namely, Georgia kaolin, English 


Fic. 20.—Surfaces characterized by slickensides. 
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china clay, No. 4 Kentucky ball clay, Florida kaolin, 
and dark special ball clay; this is in the reverse order 
of their assigned plasticities. 

In the clay-flint mixtures, no slip planes were noted 
for dark special ball clay or for Florida kaolin; a few 
were noted for No. 4 Kentucky ball clay but only at 
low values of moisture content. Slip planes, however, 
occurred for Georgia kaolin and English china clay at 
all of the moisture contents used. 

No slip planes were observed, even for the lower 
moisture contents, in any of the commercial bodies 
tes..d. In all cases where slip planes failed to appear, 
vertical cracks were formed when the degree of com- 
pression became sufficiently high (Fig. 19). 

Although the development of slip planes and vertical 
fissures can be determined only visually, attention to 
their occurrence in some cases would indicate the rela- 
tive plastic properties of various clays and bodies. 

(B) Evaluation from Equilibrium Stress Data: It 
is interesting to consider a simple method of using the 
equilibrium stress data which have been obtained here 
(a) to compare similar body compositions, (6) to deter- 
mine the effect of methods of processing, (c) to compare 
individual materials, or (d) to measure the deviation of 
a standard body at periodic intervals. 

When tizne permits, stress-strain data should be ob- 
tained for not less than three moisture contents which 
more or less define the plastic working range. Where 
standards have been set previously and time is a factor, 
a simpler method would be to obtain the stress-strain 
curve for a single moisture content and to locate a 
point on a standard plot of log equilibrium stress- 
moisture content as determined by previous tests of the 
standard body or material. The location of this point 
or of a line drawn through the point and parallel to 
the standard should immediately yield sufficient in- 
formation to permit a rapid estimation of the plastic 
properties of the processed material. The method of 
interpreting such data for different materials or meth- 
ods of treatment has already been described. 

(C) Miscellaneous Concepts for Evaluation: The im- 
portance of equilibrium stress as a measure of plastic 
properties has been emphasized in section (7, B). 
This does not mean that other concepts may not be 
equally important. Such concepts (some of which have 
been used by other investigators) which may be useful 
are (a) deformability for stresses below the yield-point 
stress, (b) total deformability, (c) maximum strength 
or stress at rupture, (d) slope of the stress-strain curve 
in the equilibrium range, or (¢) the relationship between 
yield-point stress and equilibrium stress. 

Although none of these concepts were used in the 
original analysis given here, some of the more outstand- 


ing differences noted are interesting. The shapes of 
the stress-strain curves for different clays and bodies, 
in general, were similar, the principal difference being 
in the water content necessary for developing plas- 
ticity. Other differences in the stress-strain curves, 
however, were sometimes apparent as shown from the 
results in Table IVY, which were obtained from stress- 
strain curves. The values for the dark special ball 
clay, the dark special ball clay plus flint, and the elec- 
trical porcelain body, WH-V, were selected for this 
analysis because they showed interesting differences in 
plastic behavior. The values for strain at the yield 
point and total strain (maximum deformability) in- 
creased in the order of dark special ball clay, dark special 
ball clay plus flint, and body WH-V. The amount of 
strain (€. — €) in the equilibrivm range, however, was 
greatest for body WH-V and lowest for the dark special 
ball clay-flint mixture. 

The yield-point stress and the maximum stress (stress 
at maximum deformability) were greatest for dark 
special ball clay, whereas the dark special ball clay plus 
flint mixture had values only slightly higher than body 
WH-V. The difference between maximum stress and 
yield-point stress (¢; — o,) showed a definite increase 
in the order of dark special ball clay (0.133), dark 
special ball clay plus flint (0.300), and body WH-V 
(0.417). 

The foregoing data indicate that the difference be- 
tween maximum stress and yield-point stress evaluates 
the plastic character of ceramic masses. 

The slope of the stress-<crain curve in the equilibrium 
range is another possibl: means of interpretation al- 
though it has not been investigated thoroughly. The 
dark special ball clay was found to have a very low 
slope; the dark special ball clay-flint mixture, a slope 
nearly three times as great; and body *VH-V, an inter- 
mediate slope. 

Exclusive of the moisture-equivalent method, ad- 
ditional data and more complete analysis are needed 
before final conclusions can be drawn regarding the 
merit of other methods of evaluation herein suggested. 


V. Summary 

The data obtained by the methods used here permit 
an evaluation of plastic properties which, for want of 
better terms, may be interpreted as plasticity or work- 
ability. Such evaluation, however, cannot be assumed 
to be a complete analysis because there may be (and 
probably are) some factors governing plastic proper- 
ties which do not become effective in this type of test. 
Comparison of results for this test with those obtained 
by methods involving a different set of controlling 
factors would classify a clay or body even more ac- 


TABLE IV 
MISCELLANEOUS STRESS AND STRAIN Data* 
(strain at (yield 
yield point) (total etrrin) ae-a point stress) (max. stress) an- 
Dark special ball clay 0.229 0.354 0.125 5.38 5.53 0.133 
Dark special ball clay and flint 0.250 0.406 0.104 3.73 3.98 0.300 
Body WH-V 0.271 0.479 0.208 3.53 3.93 0.417 


* Results are average for three moisture contents for each composition. 
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curately. The present results, for example, could be 
combined with those obtained by a method which evalu- 
ates more closely the stickiness or bonding character 
in the plastic state. The measurement and correla- 
tion of dry bonding strength with the present results 
might also permit a rather comprehensive analysis, 
because dry bonding strength is generally of the same 
order for different materials and mixtures as stickiness 
or plastic bonding strength. 

Any practical consideration of the plastic properties 
of a ceramic clay or body, whether it be in terms of 
plasticity, workability, or another arbitrary term, will 
certainly involve the capacity (1) to be worked and 
shaped to the desired form in a reasonable time and 
with moderate pressure; (2) to withstand considerable 
deformation during working and forming without 
rupture; (3) to be removed from the mold or forming 
device without sticking; and (4) to retain the formed 
shape against the action of gravity and inertia forces 
of handling. All of these factors, of course, will de- 
pend on the body composition or clay employed, al- 
though methods of processing and treatment are also 
important. 

Consideration of factor (1) means that the equilib- 
rium stress must be low enough to permit forming 
without the use of excessive pressure and at speeds 
consistent with the operating equipment involved; 
faster speeds, for example, will require higher forming 
pressures and vice versa. For a selected body com- 
position, factor (1) will largely depend on the moisture 
content used, inasmuch as equilibrium stress is pro- 
portional to moisture content; other factors, such as 
aging and organic or electrolyte additions, should not 
be overlooked in this respect. The methods of this 
investigation may be successfully used for such evalua- 
tion. 

Factor (2), the ability to withstand deformation 
without rupture, may not be evaluated precisely by 
the method of test employed here, although the de- 
termination of total strain corresponding to the maxi- 
mum stress in the equilibrium range should certainly 
yield sufficient data for satisfactory evaluation. The 
effect of processing methods on a selected composition, 
for example, of vacuum treatment, is important. 

Factor (3) depends largely on the stickiness or ad- 
hesive character of the clay or body and is a property 
not evaluated by the compression test methods. It 
may be assumed, however, that the more plastic bodies 
as determined by moisture-equivalent data wouid 
possess the most adhesiveness and thus should tend to 
stick more readily to dies and working parts. The 
amount of moisture in a given composition naturally 
would affect this property to a considerable degree so 
that to prevent sticking a low value within the plastic 
range would be preferable. 

Factor (4), the ability to retain formed shape, de- 
pends on the character of the stress-strain curve. A 
body or clay with high equilibrium stress would show 
less tendency to deform as well as one with a low strain 
value up to the yield point. 

It may thus be said that of the four important as- 
pects of plasticity, considered from a practical view- 


(1942) 


point, the present compression methods evaluate fac- 
tors (1) and (4) definitely and give a fairly satisfactory 
evaluation of factor (2). Only factor (3) is not de- 
termined, but indications of this property may be ob- 
tained by considering the plastic properties as shown 
by equilibrium stress data. 

The possibilities for the determination of plastic 
properties by the methods described here are by no 
means exhausted, and it is planned to continue this 
investigation for different clays and bodies along the 
lines indicated; additional methods of interpretation 
of the results will also be evolved. It is hoped that a 
simpler method of test will be developed eventually for 
commercial usage, the results for which may be cor- 
related with those obtained by present methods and 
thus have greater significance than would otherwise 
be possible with a simple test. 


VI. Conclusions 

The following conclusions appear to be justified by 
this investigation: (1) Reproducible stress-strain data 
may be determined by the com; ression apparatus used 
here. The use of this apparatus has an advantage over 
torsion methods in that the applied stresses are not 
limited to the low values characteristic of tensile 
stresses. 

(2) The plastic character of clay masses dep nds 
on several physical properties and cannot be com- 
pletely evaluated by any single parameter. 

(3) The shape of stress-strain curves depends on 
the clay or clay-body mixtures, and it is thus possible 
to distinguish between different compositions on the 
basis of their mechanical behavior alone. 

(4) “Moisture equivalent,” that is, the moisture 
content necessary for an arbitrarily selected equilib- 
rium stress (5 Ib. per sq. in.) is a satisfactory parameter 
for the comparison of the plastic properties of clays and 
similar body compositions. 

(5) Bodies of greatly different nonplastic content, 
either as to the amount or type, cannot be compared 
by ‘‘moisture-equivalent” data. 

(6) Variations in moisture content have a pro- 
nounced effect on the equilibrium stress value and on 
the plastic behavior. 

(7) Aging has a pronounced effect on the plastic 
properties of ceramic bodies and clays. 

(8) Aging of china clays or kaolins and bodies lowers 
the moisture equivalents, and an opposite effect is 
noted for ball clays; the ball clay of highest organic 
content was most affected by aging. 

(9) Aging of ball clays and bodies resulted in » 
progressive change at least up to one week, whereas the 
china clays were unaffected after aging four hours. 
(Any change thai occurs after initial processing is 
considered by the authors to be aging.) 

(10) Cyclic loading indicates that a clay body is 
essentially nonelastic after being stressed to its yield 

int. 

P11) An increase in the strain rate shows a marked 
effect on the stress-strain results and increases the 
equilibrium stress. 

(12) Plasticity is an inherent property of any clay 
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or ceramic body and, for the evaluation of various ma- 
terials or mixtures, should be determined under stand- 
ardized conditions. 
" (13) Workability depends not only on inherent 
plasticity but on the variables of processing and treat- 
ment to which a plastic mass may be subjected, such 
as aging, the use of electrolytes and organic agents, 
vacuum treatment, and variation in water content. 
(14) For a clay or body of determined plasticity, 
the workability may be said to improve in direct rela- 
tionship to a decrease in moisture equivalent (increased 


softness) caused by the effects of special treatment and 
processing. 
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EFFECT OF IRON OXIDE ON TENSILE STRENGTH OF PORCELAIN ENAMEL* 


By A. M. JOHNSEN AND J. J; Canrrecpt 


ABSTRACT 


This investigation was conducted for the purpose of determining whether iron oxide 
affected the tensile strength of enamel. The results indicate that ferric oxide appreci- 
ably reduces the enamel strength and ferrous oxide may have an even greater effect. 
The possible relation of chipping of the enamel to the iron oxide content is noted. 


|. Introduction 

In previous work at this laboratory, threads of 
enamel containing dissolved iron oxide have been ob- 
served to break more easily than those that contain 
little or none. This indicates that the dissolved iron 
oxide has a definite effect on the physical strength of 
the enamel. A study was made to determine the mag- 
nitude of this effect inasmuch as this information might 
prove useful in the development of methods to increase 
the strength of the enamel and thereby minimize the 
possibility of failure from impact or chipping. 

The failure of the enamel coat on impact often occurs 
within the ground coat when there is good attachment 
of enamel to metal. Smith’ has discussed chipping of 
enamels and concludes that such failures result from ten- 
sional stress. Because ground-coat enamels contain 
iron oxide after the regular firing process, knowledge of 
the effect of iron oxide on the tensile strength of the 
enamel might be of value. 


ll. Previous Investigations 

Griffith, who measured the tensile strength of a 
typical glass using small fiber test pieces, has shown 
that the tensile strength of glass threads increases 
markedly when the diameter of the threads is less than 
0.01 in. but is constant in value when the diameter of 
the threads is greater than 0.02 in. Griffith concluded 
that the data probably did not represent the actual 
tensile strength because the stress distribution over the 
fiber section was unknown and the concentration of 
stress caused by imperfections in the specimens and 
by the testing method was not determined. 

Smekal* studied the process of rupture of glasses and 
found that tensile fractures of glass fibers have certain 
characteristics related to the load and stress develop- 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 2, 1941 
(Enamel Division). Received April 7, 1941. 

+t A. M. Johnsen conducted this study in partial fulfill- 
ment of the requirements for a Com.E. degree at the Uni- 
versity of Cincinnati and in cooperation with the American 
Rolling Mill Company. Dr. Canfield is supervising metal- 
lurgist, Research Enamel Laboratory, the American 
Rolling Mill Co., Middletown, Ohio. 

1 Paul L. Smith, “Chipping Resistance of Enamels,” 
Proc. Porcelain Enamel Inst. Forum, Third Forum, Oct., 
1938, pp. 37-47; Ceram. Abs., 18 [6] 148 (1939). 

?A. A. Griffith, “Phenomena of Rupture and Flow 
in Solids,” Trans. Roy. Soc. (London), A221, 163-98 (1920) ; 
ion in Jour. Amer. Ceram. Soc., 4 (6) 513-14 

1921). 

*A. Smekal, “Breaking of Glass,” Glastech. Ber., 13 

[5] 141-51 (1935); Ceram. Abs., 14 [10] 243 (1935). 
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ment. Two distinct areas may be seen in examining 
the photographs of cross sections of typical fractures. 
One area, half-moon shape in appearance, is primarily 
smooth and the other primarily rough and filled with 
peaks and crevices. The smaller the smooth area, the 
greater the stress developed in the piece at the place of 
rupture. Two samples tested by the present writers 
are shown in Figs. 1 and 2. 

Schwalbe, Badger, and Silverman,‘ using the facts 
pointed out by Griffith and Smekal, have measured the 
tensile strength of glasses by the fiber method and have 
indicated that a reliable comparison of various glasses 
may be obtained from a small number of individual 
tests. 

Andrews,* Harrison and his associates,* and Andrews 
and Coffeen’ have determined the tensile strength of 
various enamels. The latter authors conclude that 
little improvement in the tensile strength of the enamel 
might be expected from a variation of basic ingredients, 
such as feldspar, borax, and quartz. The many diffi- 
culties, precautions, and procedures for tensile-test de- 
terminations are given in the foregoing references and 
were helpful in the present study. 


lll. Experimental 

The fiber method, described by Schwalbe, Badger, 
and Silverman,‘ was adopted with some modification. 
A commercial ground-coat enamel with varying 
amounts of iron oxide was smelted in lots of approxi- 
mately 5 Ib. in a clay crucible. A gas-air pot furnace 
was used at approximately 2200°F. The molten 
enamel was stirred with a clean steel rod, fritted by 
pouring into cold water, and each batch was analyzed 
for ferrous and ferric oxide content. 

The amount of iron oxide in the different melts is 
shown in Table I. Lots Nos. 1 to 7, inclusive, were 
made with ferric oxide additions to the enamel; lot No. 
8 was made by adding some ferric oxide to the enamel 
and using ingot-iron metal strips in the crucible during 


4 W. L. Schwalbe, A. E. Badger, and W. B. Silverman, 
“Tensile Tests of Glasses,” Jour. Amer. Ceram. Soc., 21 
[10] 333-38 (1938). 

5 A. I. Andrews, Enamels, p. 326, Twin City Printing 
Co., Champaign, Ill, 1935. 428 pp.; Ceram. Abs., 14 
[7] 158 (1935). 

* W. N. Harrison, S. M. Shelton, and W. H. Wadleigh, 
“Strength and Young’s Modulus of Some Ground-Coat 
Enamels for Sheet Iron,” Jour. Amer. Ceram. Soc., 18 [3] 
100-106 (1935). 

7A. I. Andrews and W. W. Coffeen, “Comparison of 
Tensile Strengths of Sheet-Iron Ground-Coat Enamel 
Glasses,” ibid., 22 [1] 11-15 (1939). 
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The drawn fibers were 
cut into lengths of approxi- 
mately 4 in., and the ends 
were beaded as foilows: 
Each piece was held in a 
vertical position, and asmall 
flame was applied to the 
lower end until a bead was 
formed two or three times 
the diameter of the fiber; 
the piece was allowed to cool 
in position, and the proc- 
ess was repeated on the 
other end. The fiber, witha 
bead on each end, was ap- 
proximately 3 in. long. Fig- 
ure 3 shows a fiber before 
and after beading. 


To relieve the residual 
Fic. 1.—Smooth and rough areas of Fic. 2.—Smooth and rough areas of giseanes ta: the Ghee conned 


tested enamel thread; 40. tested enamel thread; 40. , . 
by the drawing and beading 
TABLE I 
COMPOSITION OF MELTS AND RELATIVE ENAMEL STRENGTH 
Analyses of 
Fe:O: melt (%) Total oxide Relative 
Lot added ————————.__ (calculated tensile strength 
No. (%) FeO as FezOs) (ib./sq. in. 
1 0.0 0.29 0.16 0.48 46,156 
2 0.5 0.29 0.82 1.14 38,800 
3 1.0 0.37 1.47 1.88 30,300 
4 5.0 0.44 3.92 4.41 31,300 
5 10.0 1.18 8.25 9.56 34,400 
6 15.0 0.96 11.43 12.50 35,900 
7 30.0 1.10 21.97 23.19 Undetermined 
8* 10.0 4.19 5.55 9.78 23,918 


* No. 8 smelted in contact with ingot iron. 


Fic. 4.—Enamel threads in annealing rack. 


Fic. 3.—Enamel threads unbeaded and beaded. 


the early part of the melting process. This caused 
some ferrous oxide to be formed. 

Enamel fibers from each lot (except No. 7) were 
drawn as follows: Samples of the enamels were melted 
in a small tapered platinum crucible and held in a fur- 
nace near 2000°F. for 3 hours. The crucible was set 
in an asbestos board so that it was heated from below 
by a gas flame and the heat was thus kept away from 
the top of the crucible. Enamel threads were drawn 
by lowering a heated rod into the molten enamel and 
drawing vertically. Considerable care was necessary 
to heat the crucible uniformly and to draw round 
threads from the center of the melt. It was impossible 
to obtain uniform threads from lot No. 7 because, on 
cooling, iron oxide crystals separated from the satu- 
rated enamel. Fic, 5.—Enamel thread in Amsler testing machine. 
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operations, the fibers were annealed in racks as shown 
in Fig. 4. The enamel fibers were annealed by heat- 
ing to 1050°F.; they were held at this maximum. tem- 
perature for '/, to 1 hr., and cooled at a rate of 25° to 
50°F. per hr. to 300°F. They were then removed from 
the furnace, cooled in air to room temperature, and 
tested within 3 hr. Before testing, the threads were 
examined for surface characteristics; their roundness 
and diameter were determined by a micrometer. 
Threads with a diameter from 0.025 to 0.058 in. were 
chosen for the tests. The preliminary experiments in 


Fic. 7.—Smooth and rough areas of tested 
thread with the break through a bubble in 
the rough area. 
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testing fibers indicated that the straightness and free- 
dom from bubbles on the surface were very important. 

The breaking load of the fibers was measured with an 
Amsler tensile testing machine (Fig. 5) which has a 
sensitivity of about 0.2 Ib. in the range employed. 
Small lugs, designed to hold the beaded end of the 
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enamel thread, were fitted to the grips of the machine 
with small link chains to effect universal motion and to 
insure axial loading (Fig. 6). 

The loading was applied at the rate of 3 to 3'/; Ib. per 
minute; the breaking load varied from 10 to 38 lb., 
depending on the strength of the sample and the char- 
acter of the fracture. The breaking load was recorded 
and a photomicrograph of each fracture was taken at a 
magnification of 40 diameters. When a portion of the 
so-called rough area contains a bubble, as shown in 
Fig. 7, or is partly smooth because of flaws, cracks, or 
foreign matter, the tensile values were invariably low. 
This fact was used as a criterion of the test. Tests were 
discarded when the so-called rough area did not appear 
entirely rough. Photographs of the acceptable test 
samples were then measured with a planimeter to ob- 
tain the ratio of smooth to total area. 

The logarithm of the ratio in percentage of smooth 
to total area was plotted against the breaking stress 
to obtain the relative values for the strength of the 
different enamels containing iron oxide. To obtain 
the slope of each line, the method of least squares was 
used. Each line was extrapolated to log ratio = 0 
to obtain the breaking stress of a fiber whose smooth 
area is 1% of the total cross section. These relative 
values were used to compare the strength of the differ- 
ent enamel lots. 
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The comparative strengths of the enamel threads 
are shown in Figs. 8 to 14, inclusive, and they are also 
given in Table I. Figures 8 to 13, inclusive, show 
that the tensile strength of the enamel is lowered by 
ferric oxide. In these tests, a small amount of ferrous 
oxide was present. Figure 14 shows that the tensile 


strength of the enamel is lowered by the presence of 
4.2% of ferrous oxide with a slightly greater quantity 
of ferric oxide. 


This observation is obtained by the 
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comparison of the tensile-strength values of lot No. 5 
with lot No. 8, which contain almost the same amount 
of iron oxide. They differ only by the large propor- 
tion of ferrous oxide in lot No. 8. 


IV. Discussion 

The ratio of ferrous and ferric oxide in regularly fired 
enamel is not accurately known inasmuch as there are 
no accepted methods for separating metallic-iron par- 
ticles from ferrous and ferric oxide in enamel. The 
presence of metallic iron during the regular firing of the 
enamel might be suspected to cause all of the ferric 
oxide to be reduced to ferrous oxide. Small quantities 
of about 2% or less of either ferrous or ferric oxide re- 
duce the strength of the enamel to about the same de- 
gree. The results indicate that the ferrous oxide is more 
effective than the ferric oxide in the reduction of 
strength when the enamel contains about 4% of ferrous 
oxide and about 5% of ferric oxide. 

A variable amount of iron oxide is formed during the 
regular ground-coat firing period. Several samples of 
enamel that cracked away from fired pieces show that 
the average iron oxide content, calculated as ferric 
oxide, is from 7 to 12%. A portion of the iron oxide 
sometimes remains undissolved as a layer between the 
enamel coating and the metal. When this condition 
of a poor enamel bond exists, fishscaling and chipping 
failures may readily occur from a rupture between the 
very weak, undissolved iron oxide and the metal. The 
failure in such cases is not primarily a result of dis- 
solved iron oxide in the enamel, and a microscopic ex- 
amination may therefore be useful in determining its 
cause. The results obtained in this work, however, 
will be found more useful in the interpretation of the 
failure of the enamel! in the cases where the iron oxide 
has been completely dissolved. 

The strength of thin, flat enamel coatings on iron will 
not be the same as that of threads, although it is logical 
to assume that dissolved iron oxides cause a relative 
decrease in the tensile strength of these coatings. The 
nonuniform distribution of the iron oxide in the thin 
ground-coat enamel may also be a factor in governing 
its strength and resistance to impact. 

Though little improvement of the physical strength 
of the enamel may be expected by a change in com- 
position, the control of iron oxide content of the ground- 
coat enamel may probably lead to increased strength 
and resistance to impact and chipping. 
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Abrasives 


Growth of abrasive industry. Anon. Bull. Amer. 


Ceram. Soc., 20 [10] 343 (1941). 
Wheels f d 


‘or . A. Rousseau. Amer. 
Machinist, 85 [22] 1081-83 (1941).—R. discusses wheel 
constituents and their properties, such as bond, grit size, 
and grade of hardness, with respect to their effect on grind- 
ing action and final results, particularly in the grinding of 
threads. Vitrified and resinous bonds are used in wheels 
for grinding threads. Vitrified bonded wheels are more 
rigid and hold their alignment better; they should be used 
where accuracy is the primary eration. Resinoid 
bonded wheels hold their edge better, especially on high- 
production work, withstand more abuse, and produce a 
brighter finish, but they are less rigid and therefore less 
accurate. Vitrified bonded wheels should be used where- 
ever close tolerances are required either in form or lead; 
resinoid bonded wheels are suitable where it is desirable 
to finish parts with the fewest possible cuts and without 
high accuracy. Both types are operated at speeds of 6500 
to 12,000 surface ft. ¢er min. Fine-grit wheels require a 
higher speed, but with coarse-grit wheels (120 and coarser) 
lower speeds must be used. Low speeds are advantageous 
on high-speed steel and other sensitive steels and where 
the quality of finish is important. A general description of 
thread grinding is given. M.H. 
PATENTS 

Abrading tus. R. B. Huverr (Pangborn Corp.). 
U. S. 2,257,118, Sept. 30, 1941 (July 19, 1937). W. A. 
ROSENBERGER (Pangborn Corp.). U. S. 2,261,185, Nov. 
4, 1941 (Aug. 17, 1936). 

Abrasive article filler. A. L. Batt (Carborundum Co.). 
Can. 399,005, Sept. 2, 1941 (June 5, 1939). G.M.H. 

Abrasive cutoff machine. H.G. Roprnson (American 
Chain & Cable Co., Inc.). U. S. 2,262,049, Nov. 11, 
1941 (Jan. 8, 1938); continuation of application Serial No. 
107,347, Oct. 24, 1936. 

Abrasive wheel. O. A. CLarxk (Safety 
& Machine Co.). 
30, 1940). 


U. S. 2,250,554, Oct. 21, (Dee. 


l 


Abrasive wheel and reinforcing mounting. J. N. Kuz- 
MICK AND P. L. Kuzmicx (Raybestos-Manhattan, Inc.). 
U. S. 2,259,345, Oct. 14, 1941 (Sept. 9, 1940). 

A tus for forming or dressing grin wheels for 

AINWRIGHT 


use form-grinding 
(Coventry Gauge & Tool Co., Ltd.). U.S. 2,260,918, Oct. 


28, 1941 (July 11, 1940). 

Bonded abrasive. R. C. Swan anp D. W. Licur 
(American Cyanamid Co.). U.S. 2,262,728, Nov. 11, 1941 
(Sept. 14, 1940).—An abrasive article comprises particles 
of abrasive and a binder cured in contact therewith, the 
binder containing a phenol-aldehyde resin and an amino- 
triazine-aldehyde resin. 

Bonded abrasive article. Peter pe Leeuw Anp C. E. 
Wooppe.t (Carborundum Co.). U.S. 2,257,371, Sept. 30, 
1941 (Nov. 10, 1939).—A bonded abrasive article com- 
prises aluminous abrasive and a vitrified binder which is 
substantially free from the oxides of alkaline metals and is 
made from a mixture of alumina, lime, and silica whose 
components fell within the limits 0 to 20 AlLOs;, 15 to 50 
CaO, and 40 to 85% SiO, before heating in contact with the 


abrasive grain. 

B wheel. F. E. Henpricxson (Murray Ireland). 
U. S. 2,260,941, Oct. 28, 1941 (March 24, 1941). 

machine. H. S. INDcE (Norton Co.). 

Centerless grinding machine. A. J. Srrono. U. S&S. 

tz- Voss rp. 

U. S. 2,257,619, Sept. 30, 1941 (Nov. 24, 1939). 

Crankshaft machine. H. S. InpcE (Norton Co.). 


, 1941 (Jan. 12, 1940). 
apparatus. W. F. Bannister (Herbert 
G. S aren 2,258,727, Oct. 14, 1941 (April 17, 1939). 
— tus. A. A. Herrick anp E. R. 
Koonz (Greenfield Tap & Die Corp.). U. S. 2,257,256, 
Sept. 30, 1941 (May 28, 1938). 
Gear machine. W.E.Syxes. U. S. 2,257,989, 


erative gear grin machine. E. W. Miuter 


e 
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Fellows Gear Shaper Co.). U. S. 2,257,850, Oct. 7, 1941 
March 16, 1939). 

machine. C. G. Fiycare Anp S. S. MADER 

.). U.S. 2,262,721, Nov. 11, 1941 (Dec. 17, 

). F. A. Jumerson (Ingersoll-Rand Co.). U. S. 

2,257,501, Sept. 30, 1941 (Oct. 22, 1938). 

Grin machine steady rest. E. D. La Fieur (Nor- 
ton Co.). U.§&. 2,261,903, Nov. 4, 1941 (Aug. 15, 1940). 

WHITTLES ee Co.). 


machine table traverse mechanism. ies 
U. S. 2,262,126, Nov. 11, 1941 
{April 20, 1939 
Srinding machines. Bupp INpucTION HEat- 
ING, —_ Brit. 540,091, Oct. 15, 1941 (April 8, 1939). 
Grin tools. A. Nacy. Brit. 539,436, Sept. 24, 1941 


apparatus. C. G. FLYGARE 
,068, Oct. 7, 1941 (Jan. 22, 


U. S. 


) U.S. 2, 


) 
oning head. W. D. McKeon (Norton Co.). 
ar 474, Sept. 30, 1941 (March 18, 1939). 
machines. A. F. Burcgss (Barnes Drill Co.). 
Bit 540,061, Oct. 15, 1941 (May 9, 1940). 
machine. H. S. INDcE (Norton Co.). U. S. 
2,261,902, Nov. 4, 1941 (Oct. 5, 1940). U.S. 2,262,725, 
Nov. 11, 1941 (Feb. 14, 1940). 
Lathe ding attachment. B. E. Suerrmi. U. S. 
2,258,071, 7, 1941 (Sept. 29, 1939). 
ona ts brasive articles of resin-bonded abrasive 
S. KistLer snp C. E. Barnes (Norton Co.). 
U.S. "5 5.256,018, Sept. 23, 1941 (Sept. 1, 1938). 
Manufacture of abrasive products. J. N. Kuzmicx 
(Raybestos-Manhattan, Inc.). U. S. 2,258,774, Oct. 14, 
1941 (Jan. 24, 1939).—An indurated abrasive product 
comprises | abrasive particles bonded with an organic bond, 
the organic bond having metallic particles distributed in 
situ therein, being incorporated in the abrasive product 
in the indurating thereof, the metallic particles being in 
the proportion of 10 to 50% by weight of the organic bond 
and being selected to have a melting point in the range of 
grinding temperatures of the abrasive product. 
Method and apparatus for grinding or polishing metal 
sheets. T. J. Masse. Brit. 539,277, Sept. 17, 1941 
(March 29, 1939). 


Vol. 21, No. 1 


Method and a tus for recondi ding disks. 
R. C. HANSEN. S. 


tioning grin 
2,262,583, Nov. 11, 1941 (May 31, 
1941 


Method and machine for grinding toothed spur wheels. 
Fritz LAESSKER (Zahnradfabrik Friedrichshafen A.-G.). 
U. S. 2,258,510, Oct. 7, 1941 (Aug. 11, 1939). 

Oxide pellet. R. C. Benner anp J. C. McMULLEN 
a Co.). U. S. 2,261,639, Nov. 4, 1941 (July 

Porcelanic bonded diamond abrasive. H. R. Houcs- 
ns (Carborundum Co.). U. S. 2,259,468, Oct. 21, 1941 
(Feb. 2, 1939).—An abrasive article comprises diamond 
abrasive and a porcelanic bond therefor, the bond being 
porous and relatively hard. . 

Producing abrasive articles. H. B. Morris (Firestone 
Tire & Rubber Co.). U.S. 2,258,026, Oct. 7, 1941 (Aug. 
19, 1938).—A process of forming an abrasive article in- 
cludes thoroughly moistening abrasive particles with a 
rubber cement including rubber, mineral rubber, and 
gasoline, stirring a mixture of magnesium oxide and zinc 
cexide into the moistened abrasive particles to coat the 
surfaces thereof, admixing a vulcanizable partially pre- 
vulcanized latex bonding material including latex, butyl 
zimate, sulfur, and ammonium sulfate into the abrasive 
particles, ullowing the mixture to stand several minutes 
at an elevated temperature to thicken the bonding ma- 
terial, adding hard-rubber dust to the mixture and mixing 
it therein, drying the mixture to obtain a crumbly rela- 
tively noncoherent mass, pressing the mass to article form, 
and vulcanizing the mass to produce the final article. 

Surfacing machine. J. Y. BLazex, V. R. Roy, anp G. 
E. Sears (Lempco Products, Inc.). U.S. 2,258,879, Oct. 
14, 1941 (Nov. 4, 1939). 

Tool grinding and lapping machines. W. G. Bowen & 
Co. (Engineers), Ltp., anp P. Gropzinski. Brit. 539,- 
240, Sept. 17, 1941 (March 1, 1940). 

Valve seat grinder stone carrier. L. F. DENSMORE 
Corp.). U.S. 2,258,505, Oct. 7, 1941 (May 

, 1941 

"Valve seat grinding stone. sleeve, and pilot. G. C. 
Wiiuiwe (Black & Decker Mfg. Co.). U. S. 2,262,075, 
Nov. 11, 1941 (April 10, 1941). 


Art and Archeology 


Ancient gateway of Kish reconstructed in museum. 
Anon. Sctence News Letter, 38 [6] 83 (1940).—Building 
brick taken from the ruins of Kish, almost exact duplicates 
of modern brick, are shown in the Field Museum's new hall 
of Babylonian archeology. G.A.K. 

Archeology in the Soviet Union. Henry FIe_p AND 
EvuGENE Prostov. Antiquity, 14 [56] 404-26 (1940).—A 
report of results obtained by Soviet archeologists from 
1930 to 1940 is presented. Superb pottery made of clay 
and asbestos was found in the Karelian-Finnish Soviet. 
In European Russia, coiled pottery of the Fat’ianovo type 
predominated. Some Roman pottery was found in the 
Crimea. In Central Asia, tile of the Chinese type and a 
peculiar type of pottery were found at Ak Peshin. A pot- 
tery with scratched ornament, a handleless jar decorated 
with pheasants aud fir trees, and red ware related to 
Kushan ware were found in Uzbekistan. In the Urals, 
a collection of potsherds identical with those from Nago- 
vitsina has been stored at Chizhi. In Kovrov, three types 
of sherds were collected. See ‘“‘Excavations . . .,”” Ceram. 
Abs., 20 [11] 256 (1941). A.B.S. 

Art Av. Skid#ské Roshledy, 18 [1] 
1-3 (1941).—The historic development of art glass and 
the important contribution of Bohemian glass to that de- 
velopment are discussed. The Eisenbroder Glass Tech- 
nical School has helped to create a new tradition in Bo- 
hemian art-glass production. M.V.C. 

dof Dedham Pottery. J. MrmTon RoBERTSON. 
Bull. Amer. Ceram. Soc., 20 [11] 411-13 (1941).—3 refer- 
ences, 2 photos. 


Burnishing stones for pottery. E. C. C. Antiquity, 
15 [58] 200 (1941).—Steensberg (‘‘Handmade .. .,”” Ceram. 
Abs., 19 [9] 208 (1940)) found that a burnishing stone 
must be used for 20 years before it reaches its best condi- 
tion. The stones found at Horsted Keyes, Sussex, England, 
date from approximately the Ist century a.p. The bur- 
nishing appears to have been done during the manufacture 
of the pots. Illustrated. A.B.S. 

Central notations for ISCC-NBS color names. D. 
NICKERSON AND S. M. NewnHati. Jour. Optical Soc. 
Amer., 31, 587-91 (1941).—The problem of developing 
color designations ‘‘sufficiently standardized to be accept- 
able and usable by science, sufficiently broad to be used by 
science, art, and industry, and sufficiently commonplace 
to be understood, at least in general, by the whole public” 
was presented to the Inter-Society Color Council in 1931 
by the Revision Committee of the U. S. Pharmacopoeia. 
In 1939 the work was completed at the National Bureau 
of Standards. The method adopted consists in using seven 
adjectives to modify twelve hue or limited hue range 
names. Conversion tables will enable the standard 
ISCC-NBS name for any color to be found by reference to 
the ICI, Maerz and Paul, or Munsell system. Munsell 
notations for the ISCC-NBS central colors are tabulated. 

A.P 

Ceramic art at Blue Ridge. Anon. Bull. Amer. Ceram. 
Soc., 20 [10] 370-71 (1941); see “‘Pottery-making . vg 
tbid., 19 [9] 354-55 (1940). 

Cc ic plaques for Stephen Crane Memorial. ANon. 
Bull. Amer. Ceram. Soc., 20 [10] 374 (1941). 


Grinding wheel 
(Norton 
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Ceramic treasures of the City H of Genoa. G. 
Morazzoni. Ceramica, 2 [2] 59-72 (1940).—The collec- 
tion of ceramic ware 
historical and artistic value and contains hundreds of 
antique majolicas of the 15th, 16th, 17th, and 18th cen- 
turies, many from the most celebrated Italian factories. 
Almost all are examples of the well-defined fundamental 
types of Italian ceramic ware; they include pitchers, de- 
canters, plates, bowls, flasks, pharmaceutical jars, etc. 
Several pieces are described in detail. Illustrated. See 
Ceram. 19 [11] 251 

China trade influences in ceramic art shown at Metro- 
politan Museum of Art. Ceram. Age, 37 (5) 155 (1941).— 
A page of illustrations is presented. See “‘Of...,” Ceram. 
Abs., 20 [8] 188-89 (1941). ‘F.G.H. 


Clays and clay bodies for art C. C. ENGLE. 
Bull. Amer. Ceram. Soc., 20 {10} $4042 
Crystalline glaze—most bea of the potter’s 


utiful product 
art. Ricwarp O. Lane. Ceram. Ind., 37 [3]. 62-68 
(1941).—L. discusses the formation of crystals in glazes, 
describing his own experience and citing statements from 
literature. Various formulas for producing crystalline 
oo are given, and firing methods are described. — 


rated. 
“Datable ritual barrow in Glamorganshire, South Wales. 
Cyrm Fox. Antiquity, 15 [58] 142-61 (1941).—An urn 
poh 9 in. high, was found in a barrow in Glamor- 
ire. te is weakly caliciform with a flared rim and has 
a een red to grayish yellow surface and a dead-black 
core; it is decorated with a series of horizontal grooves 
from below the rim to the bulge. Only one close parallel 
is known, viz., that found at Elworthy, Somerset. The 
From the Saxon Electorate Art Gallery to the Zwinger 
State Porcelain Gallery: II, Japanese Palace. F. Ficur- 
NER. Ber. Deut. Keram. Ges., 22 [7] 237-64 (1941).— 
In 1729 August the Strong started rebuilding the Holland 
Palace at Dresden for use as the Japanese Palace. After 
his death in 1733, his son, August III, had less interest in 
the work, and it was carried on under the direction of his 
prime ministers. The outstanding feature of the collection 
was the Meissner ware. The Meissner manufacturers not 
only imitated the porcelains of eastern Asia with hardly 
believable accuracy but made from this material things 
unknown to the Far East which were the expression of 
their own time and race. For Part III seé Ceram. Abs., 20 
[7] 163 (1941). W.H.H. 
Gift-show exhibitors increase sales by creating many 
new designs. ANON. Ceram. Ind., 37 [3] 34-41 (1941).— 
New examples of ceramic art shown at Chicago, New 
York, and Los Angeles shows are described and —— 
Glass of fashion, 1670-1810. Anon. Art News, 40 
{13] 22-24 (1941).—A survey of English and Irish glass- 
making of the 18th century is illustrated with examples 
from the Cecil Davis collection from London, now in the 
Steuben Glass Co.’s New York shop. From 1670 to 1690 
the British Isles gained supremacy in glass from the Murano 
glass factories, and the new clear and brilliant heavy types 
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of drinking glasses were developed from lead-fortified flint 
glass. Great glasshouses arose in London, Bristol, and 
Newcastle and (in Ireland) at Waterford, Dublin, and 
Cork. From 1690 to 1710, heavy goblets with baluster 
knops on the stems and the tear in the stem developed. 
Commemorative glasses and decanters were decorated 
with engraving. From 1710 to 1730 .colded stems were 
introduced, and Waterford became famous. Much ware 
was exported to America. The heavy excise tax from 
1730 to 1750 caused a great elaboration of decoration to 
add to the price of the finished ware. Cut glass, borrowed 
from Germany, made its debut in England at this time. 
A further elaboration was the opaque twist and the air 
twist developed from the tear. From 1750 to 1770 Bristol 
developed its delft blue and opaque ware and painted 
glass in the chinoiserie fashion. Between 1770 and 1790 
exports to America increased, particularly from Ireland. 
The period from 1790 to 1810 was typified by quantity out- 
put at the expense of quality and the beginning of orna- 
mentality that lost all relation to materials or functions. 
Opaque Bristol glass imitated porcelain, and at Water- 
ford blue and white Wedgwood was combined with glass 
branches and prisms. Illustrated. M.E.P. 
Gold from the e. J. AtpEN Mason. Sci. Amer., 
165, 261-63 (1941).—At Sitio Conte, on the Pacific slope 
of Panama, a pre-Spanish cemetery was uncovered by the 
shifting of a river. The graves were 10 ft. square and 8 ft. 
deep, newer graves sometimes cutting the older ones. 
Only important chiefs were buried there, together with 
their slaves and possibly wives. One very rich grave 
had twenty-three skeletons on three levels. The lower 
levels were thick with purposely broken pottery, with 
some unbroken pottery in the walls. The main skeleton 
was decorated with five gold plaques 8 in. in diameter 
and much other gold. The pottery is profusely decorated 
in polychrome colors, blue and purple predominating. 
The shapes vary from simple silhouettes to complex ani- 
mal effigies. These people are probably most closely re- 
lated to the Guaymi Indians. Their culture differs greatly 
from that of neighboring Indians; the nearest approach is 
in Colombia. W.D.F. 
in pressed glass. Comstock. Con- 
notsseur, [474] 76-77 (1941).—The collection of 
American pressed glass belonging to Mrs. William Greig 
Walker, recently acquired by the Brooklyn Museum, is one 
of the finest. The designs provide a running commentary 
on history as well as on taste. The various patterns and the 
events which inspired them are given, beginning with the 
return visit of Lafayette to America in 1824-1825 and 
continuing to the purchase of Alaska from Russia in 1867 
and the completion of the Union Pacific Railroad in 1869. 
Illustrated. M.E.P. 
ot glazes for elain. Anon. Keram. Rundschau, 
48 [16] 133-35 (1940).—-Mat glazes are used on porcelain 
usually only as a substitute for delicate biscuit ware which 
would not stand up in firing, y ceramic artware. 
Only white or delicate ivory tones are generally employed, 
but colors are sometimes used. Compositions for glazes 
are given. 


Mat GLazes FoR PorcELAIN Frirep To Secer Cone 12 To 14 


Glaze numbers 1 


Zettlitz kaolin, lixiviated 

Pitchstone kaolin of Meissen, lixiviated 
White-firing whiteware clay 

Norwegian feldspar 

Quartz sand 

Calcite 

Limestone 

Steatite 

Cullet 

Commercial calcium phosphate 


glazes (empirical) 


Composition of raw 


2 
47.8 33. 


6 
41.0 


0 22.2 
36.8 
0 


3 4 5 7 8 
5 24.8 15.5 48.3 43.2 28.6 
16.3 
11.0 8.9 
28.5 30.0 5.0 42 17.6 21.5 
35.2 27.0 36.3 8.2 3 12.2 16.6 
6 27.0 28.7 
| 14.0 
4.6 
3.0 
4.0 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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Warre Mat GLazes For PORCELAIN Firep To Ssecer Cone 12 To 14 (Continued) 


Glaze numbers 1 2 3 4 5 6 7 8 

68.1 72.0 76.0 82.7 58.5 74.1 54.9 55.9 

 |AlOs (including Fe:0; and TiO;) 23.1 23.1 18.9 11.4 30.3 22.0 25.4 19.0 

B32 |cao 86 02 O2 25 40 02 160 19.4 

MgO 0.3 1.6 

P,Os 1.7 


For colored mat glazes, the coloring substances are pre- 
pared first, and 1 to 5% is added to the white mat glaze. 
An ivory-yellow coloring substance comprises manganese 
dioxide (ground fine) 60 and quartz powder 40. It is cal- 
cined in an oxidizing fire at about 1200°C. and finely 
ground wet. For a light blue color, black cobalt oxide 16, 
zinc oxide 32, and quartz powder 52 are calcined in a neu- 
tral fire at about 1200°C. and ground wet. For a light 
brown color, black nickel oxide 50 and white mat giaze 50 
are calcined in a neutral fire at about 1200°C. and ground 
wet. For a light gray color, black cobalt oxide 1, manga- 
nese carbonate 74, and black copper oxide 25 are calcined 
in an oxidizing fire at the same temperature and ground 
wet, or black uranium oxide 30, zinc oxide 15, and white 
mat glaze 55 are calcined in a reducing fire 7" finely 
H 


ground wet. -H, 
Impressions of on potttery. E.C.C. Antiquity, 
15 [58] 199-200 (1941).—Impressions of grain and other 
seeds on prehistoric pottery give valuable evidence of the 
prevalence of different varieties of cereals, etc., when the 
pottery was made and may lead to a complete history of 
the early cultivation of corn. The seeds are identified by 
pressing a suitable plastic material into the impression 
on the pottery and thus reproducing the original shape of 
the seed. A.B.S. 
Man po . C. Martin. S. African Jour. Sci., 
37, 3 (1941).—The craft of the native potter in 
Manica, Mozambique, is dying out rapidly. M. describes 
a special demonstration. The pots are built up from a 
ring base by adding successive strips of damp clay, the 
bottom being added afterward. Ground mica schist is 
sometimes added to the clay to give a speckled appearance. 
Incised decoration is rare. Firing is done by piling wood 
around the article and igniting. Illustrated. L.W.V. 
Methods of decorating are: II, Silk-screen deco- 
ration. ANON. Ceram. Ind., 37 [2] 58-64 (1941).—Silk- 
screen decoration by the direct method, the carbon-tissue 
method, and the sheet-gelatin method is discussed in de- 
tail. Formulas and procedures for these methods in prac- 
tical use are given. III, Spraying and other decorative 
methods. Jbid., [3] 51-54.—Spraying, decalcomanias, 
banding, silvering, metal decorating, inlays, ‘‘ices,’’ lusters, 
plate printing, rubber stamping, marbleizing, and squeegee 
stenciling are described. Illustrated. For Part I see 
Ceram. Abs., 20 [11] 257 (1941). H.T. 
Nicolas—new for old windows. RosaMuUND 
Frost. Art News, 40 [13] 16-17 (1941).—Joep Nicolas, 
born in 1896 into a French-Dutch family of nobility which 
had been connected with the art of glassmaking and glass 
painting for generations, was educated to be a lawyer, but 
after winning a government mural competition which he 
entered to help pass the time during his military service, 
he turned to a career in glass painting. He won the grand 
prix at the 1925 Paris Exposition des Arts Decoratifs with 
a stained-glass window, ‘“‘St. Martin.”” In his numerous 
successes and commissions that followed, he departed from 
the conventional outline leading which had been a rigid 
formula for centuries. His new glass mural process, called 
ver-murail, permits much freedom and adds spontaneity. 
Leading and design each play their separate theme, black 
and color often crossing each other fuguewise. He came 
to America in 1939 and has since developed a new process, 
called Synresite, which is an application of his glass-paint- 
ing principles to synthetic resins. At the current show of 
his work at the Orrefors Gallery, ‘‘The Agony of Europa”’ 
in glass is a significant and remarkable piece. Illustrated. 
M.E.P. 


Old families glassmakers. JaN BArta. Skidfské 
Roshledy, 16 [9-10] 164-70 (1939).—B. gives a brief his- 
tory and the out achievements of the famous 
Kavalir family of Bohemian glessmakers. M.V.C. 

Polarization as an analytical aid in the solu- 
tion of archeological ems. E. Barer AND F. MULLER- 
Skjotp. Angew. C , 52 [33] 533-35 (1939).—The 
solution of problems arising in the reconstruction of paint- 
ings and plaster layers of Pompeii and Herculaneum 
has been greatly facilitated by microscopic studies of thin 
sections of the walls. The bonding of plasters, coloring 
bodies in the paintings, the glasses in mosaics, and the 
minerals involved in each portion have yielded much in- 
formation concerning both the construction and the his- 
tory of the fragments studied. R.L.G. 

Pottery from Bambata (Southern Rhodesia) cave. J. 
F. Scuorretp. S. African Jour. Sci., 37, 361-2 (1941).— 
The pottery, which belongs to a hitherto undescribed pot- 
tery industry, was found in the uppermost archeological 
stratum directly above the Wilton. S. suggests that a 
branch of the Bantu, in medieval times, were the makers. 
Illustrated. L.W.V. 

Primitive culture in Nigeria. H. S. W. Epwarpes. 
Antiquity, 15 [59] 287-90 (1941).—Pots are made with 

astonishing accuracy by the coil method. Spherical pots 
1 iit in diameter with a mouth 1 in. wide are made by move- 
ment of the pot as it grows in all directions in a shallow 
saucer-shaped depression in a stone. After being dried in 
the open air, the pots are piled in a heap and packed with 
grass. The grass is ignited, and the pots are fired in one 
evening. No kiln is used, but the pots are of ample strength 
When in use, cooking pots stand on three large lumps of 
by the fire. A.B.S. 

Chelsea elain mark. GARDNER. 
Connoisseur, 107 [474] 64-66 (1941).—After a brief ac- 
count of the location on the river front of the Chelsea fac- 
tory when it was started by Nicholas Sprimont at a date 
that is unknown because the rate books of the mid-forties 
of the 18th century were lost or stolen, G. describes the 
four pieces of Chelsea porcelain extant with the peculiar 
mark which he describes as a fairly large trident passing 
through a coronet. The trident, like the subsequent 
anchor mark, indicates the proximity to the river. This 
mark is painted in cobalt-blue underglaze. Illustrated. 
See “Old... ,”’ 20 [1] 4 (1941). M.E.P. 

Robertson Art Tile Co. fiftieth anniversary, 1890-1940. 
Anon. Flooring, Dec., 1940; reprinted in Bull. Amer. 
Ceram. Soc., 20 [11] 413-14 (1941).—2 photos. 

Sculpture in the ing. ARMIN SCHELER. Magazine 
of Art, 34 [7] 356-67 (1941).—S. describes the develop- 
ment of his decorations for the Evanston, IIl., Post Office 
step by step from the principles behind the initial studies, 
through the full-sized clay models, the plaster molding, and 
the paste mold itself, to the casting in plaster which is used 
for the final carving in stone. Illustrated. M.E.P. 

Shop of a potter of the bel tempo. GAETANO BALLARDINI. 
Ceramica, 3 {1} 4-10 (1941).—B. presents a visit to a pot- 
ter’s shop of the 15th century as reconstructed from the 
Three Books of the Potter’s Art (Li tre Libri dell’ Arte del 
Vasaio) by Cipriano Piccolpasso with the original drawings 
of the author. See Ceram. Abs., 13 irene, 


Synthetics as basis for a new method of suisnnine old 
glass art treasures. R. Jacosi. Angew. Chem., 53 [39- 
40] 452-53 (1940).—Methods of restoring and preserving 
stained-glass windows are considered, together with their 
disadvantages. The present method is derived from the 
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principle of Boe glass. A layer of glass is securely 
bonded to the of the window with an intermediate 
— of material such as acrylic acid ester. The window 
first be washed with HF and water. R.L.G. 
Tenth Annual National Ceramic Exhibition at Syracuse 
Museum of Fine Arts. Anon. Bull. Amer. Ceram. Soc., 
20 [10] 372-73; [11] 423 (1941).—Ceramic ware repre- 
senting more than two hundred artists in the U. S. and 
artists in fifteen South and Central American countries, 
Canada, and Iceland has been assembled in the first Ex- 
hibition of Contemporary Ceramics of the Western Hemi- 
sphere. 
Use of pattern in ceramics. CARLTON ATHERTON. Bull. 
Amer. Ceram. Soc., 20 [10] 338-40 (1941). 
Wei dynasty oxcart. Magazine of Ari, 34 [7] 384 
(1941).—A half-page photograph illustrates an oxcart of 
the period a.p. 220 to 589 from the exhibition of Chinese 


ceramics at the Buffalo Museum of Science. M.E.P. 
PATENTS 
‘Decora’ ceramic articles. T. S° Bauman. U. S. 
2,261,492, Nov. 4, 1941 (April 3, 1940).—In multicolor 


decoration of ceramic articles by a method in which liquid 
coloring materials of different colors are applied through 
a screen to the surface of the articles by successive opera- 
tions, the steps consist in applying a powdered vegetable 
starch to the colored surface after the application of each 
color and firing the decorations to permanently attach 
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them to the articles and to simultaneously completely con- 
sume the starch. 


Designs for: 

Bar bottle. T. C. Hersey (A. H. Heisey & Co.). U.S. 
129,730, Sept. 30, 1941 (April 29, 1941). 

Bowl. . C. McCartney. U. S. 130,228, Nov. 4, 
1941 (Aug. 26, 1941). 
Bowl candle holder. C. J. Unrmann (Imperial Glass 
Corp.). U.S. 130,333, Nov. 11, 1941 (June 19, 1941). 
Comport. W. C. McCartney. U. S. 130,229, Nov. 4, 
1941 (Aug. 26, 1941). 

Cookie jar. C. E. Murpny (Red Wing Potteries, Inc.). 
U. \ 130,329 and 130,330, Nov. 11, 1941 (Sept. 5, 
1941). 

Glass flower bowl. T. C. Hersey (A. H. Heisey & Co.). 
U. S. 130,368, Nov. 11, 1941 (Sept. 12, 1941). 

Goblet. W. C. McCartney. U. S. 130,230, Nov. 4, 
1941 (Aug. 26, 1941). 
Plate. Isope. Darrow (Pacific Clay Products). U. &. 
129,816, Oct. 7, 1941 (May 26, 1941). W. C. McCarr- 
ney. U. S. 130,231, Nov. 4, 1941 (Aug. 26, 1941). 
(Iroquois China Co.). U. S. 130,- 
312, Nov. 11, 1941 (May 26, 1941). A. M. WaLKer 
(Bailey-Walker China Co.). U. S. 130,146, Oct. 28, 
1941 (Aug. 20, 1941). 

Lamp lens. Ropert CADWALLADER (Chrysler Corp.). 
U. S. 130,335, Nov. 11, 1941 (Dec. 19, 1940). 


Cements 


SEPARATE PUBLICATION 


Investigations on Pozzuolanas: I, Pozzuolanas and Lime 
Pozzuolana Mixes. F.M.Lra. Dept. Sci. Ind. Research, 
Bidg. Research Tech. Paper, No. 27,63 pp. (1940). H.M. 
Stationery Office, London. Price 1s. Out of print.— 
Little use of natural pozzuolanas has been made in Great 
Britain, as they do not occur there in commercially useful 
quantities. Natural pozzuolanas are (a) volcanic tuffs 
which have undergone considerable changes after deposi- 
tion or (b) diatomaceous earth. The best known materials 
in group a are trass from Rhineland and Bavaria, the 
Italian pozzuolanas, Santorin earth from Greece, fosca 
from Teneriffe, and Tetin from the Azores. Artificial 
pozzuolanas are made chiefly of fired clay or shale; they 
have been used since Roman times and even before in 
Egypt and India. Pozzuolanas alone have no cementi- 
tious properties. These are developed only after admix- 
ture with lime or with Portland cement; hence all investi- 
gations must be made on such mixtures. The chemical 
activity of pozzuolanas depends essentially on the presence 
of silica in such condition that the pozzuolana reacts with 
wet lime at a convenient speed. The velocity of this reac- 
tion is a rough measure of the quality of a pozzuolana but 
is not alone sufficient. The lime reaction rate is conven- 
iently determained in a wide-mouthed electrical-conduc- 
tivity cell of 1/*-cc. capacity. In this cell is placed 5 cc. 
of mercury and “25 cc. of 0.3 N Ca(OH)s, and the cell is 
closed and sb?ken until the conductivity is constant; 0.5 
gm. of the pozzuolana mixture, ground to pass 180-mesh 
per in.*, is then <2ded, the shaking is continued, and the 
electrical conductivity is determined at intervals up to 48 
hr. The lime concentration is calculated from the cell 
c_mstant and from data on the specific conductivity of 


Ca(OH), solutions. The lime reaction rate is not closely 
related to the tensile strength of the mortar. The free 
calcium hydroxide remaining after the completion of the 
reaction affords a direct measure of the lime which has been 
combined. Two methods, neither wholly accurate, are 
available: (a) The difference between the heats of hydra- 
tion of a mortar after heating to 350° and 550°C. forms a 
measure of the free calcium hydroxide. (6) The lime- 
pozzuolana mixture is extracted with a limewater contain- 
ing 0.06 gm. CaO per 100 cc. This dissolves all the free 
lime but no hydrated calcium monosilicate. This method 
is vitiated by any 2CaO-SiO, present. The error in 
method a is about +0.3%; that in } is not constant, and 
this method is not applicable to some natural pozzuolanas 
which contain alkali replaceable by lime. Tensile strength 
tests on lime-pozzuolana-sand mortars after 14 or 28 days 
are low and do not sufficiently differentiate good samples 
from poor ones. After a much longer time the distinction 
is clear, but the time required is too long for test purposes. 
The most satisfactory results are obtained by using a 1:2:9 
mortar at 50°C. for 46’ hr., the result being closely related 
to the 28-day strength. The fineness of grinding is impor- 
tant, especially in short period tests. The material should 
be ground as fine as Fortland cement. Soluble salts, if 
present, may cause efflorescence and staining. This is 
less noticeable in artificial pozzuolanas than in some nat- 
ural ones. Soundness tests are not very satisfactory, but 
the Le ChAtelier test on a mixture of 9 parts of lime-pozzuo- 
lana mixture and 1 part of Portland cement should not 
show an expansion of more than 5mm. Artificial pozzuo- 
lanas, if carefully prepared, give strengths equal to and 
sometimes superior to those of natural pozzuolanas. 28 
-— 16 illustrations. See Ceram. Abs., 18 oo 
(1939 
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Adaptable enamel-shop conveyer cuts floor e and 
labor 40%. Lovurs Hart. Ceram. Ind., 37 [2] 54-57 
(1941).—The layout of the enameling plant of the Tennes- 
see Stove Works is described. A new chain conveyer 
saves 40% on floor space and labor requirements. The 
same conveyer is used for cast iron, steel, ground and 
cover coats, and different colors. Illustrated. H.T. 


Development of opacity in zirconia enamels. Burn- 
HAM W. Kino, Jr., AND ANDREW I. ANDREWs. Jour. 
Amer. Ceram. Soc., 24 [11] 360-67 (1941).—5 references, 9 
figures. 

Hydrogen flakes and shatter cracks—correlated ab- 
drogen in steel. C. A. Zaprre C. E. 
Sms. Metals & Alloys, 11 (5) 145-51; [6] 177-84 (1940). 
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in Ibid., 12 [1] 44-51 (1940). III, Pre- 
vention of defects caused hydrogen in steel. Jbid., 
[2 ] 145-48.—Hydrogen ves in steel only atomically, 
in comparatively large amounts at high temperatures and 
in negligible quantities at low temperatures. A decrease 
in the solubility causes a precipitation of molecular hydro- 
gen which, if occurring at a discontinuity within the steel, 
may result in fissuring. Regardless of the effect of the 
other stresses, hydrogen can cause flaking, shatter cracks, 
and embrittlement with their attending phenomena. The 
reboil blisters in enameled steel are readily explained as a 
function of hydrogen, especially since the enameling pro- 
cedure promotes a large supply of hydrogen in the steel. 
239 references. See “Defects . . . ,” Ceram. Abs., 20 
(1941). B.C.R. 
dustrial iron. W.H. D. Emailwaren-Ind., 18 [17- 
18] 40-41 (1941).—All iron for technical purposes is 
alloyed with other elements, viz., carbon, manganese, sili- 
con, sulfur, phosphorus, and copper. Elements added for 
express purposes are nickel, cobalt, aluminum, chromium, 
tungsten, molybdenum, and vanadium. Substances which 
may be present unintentionally include arsenic, antimony, 
tin, zinc, bismuth, oxygen, hydrogen, nitrogen, sulfur, 
and phosphorus. Technical iron is classified into two 
groups: (1) iron containing more than 1 .75% carbon and 
including raw iron which is not malleable and (2) that with 
less than 1.75% carbon. Carbon is mixed with iron as 
graphite or temper carbon or occurs in chemical combina- 
tion with iron as iron carbide or cementite. In the molten 
state, carbon is dissolved in iron, and, on solidification, 
mixed crystals are formed in which the carbon is present 
as iron carbide. The mixed crystals disintegrate when 
cooled slowly to about 721° (according to the carbon con- 
tent) and form ferrite and pearlite, an intimate mixture of 
ferrite and iron carbide. The structure consists of ferrite 
and veined pearlite witk a carbon content below 0.90%. 
With a carbon content of 0.90% only veined pearlite is 
formed, but with more than 0.90% C, pearlite and iron car- 
bide or cementite are formed. When cooled rapidly from a 
temperature above 721°, the iron keeps the form of the 
mixed crystals and when hardened is known as “‘marten- 
site.” If the iron contains less than 0.30% C, no per- 
ceptible difference in hardness occurs. Steel with less 
than 0.20% C cannot be made harder; it is called wrought 
iron. When hardened steel is heated to about 700° the 
iron carbide separates in the form of grains, and globular 
cementite is formed. Steel with a globular cementite struc- 
ture is softer than steel with a veined pearlite structure. 
When heated above 721°, iron carbide is again dissolved 
into ferrite. Crude iron contains more than 1.75% C, 
although some alloys with about 1.7 to 2.50% carbon are 
malleable. Alloys with more than 3% C are not malleable 
but can only be cast; they are called white crude iron. If 
the iron carbide decomposes and the greater part of the 
carbon separates out as graphite, gray crude iron is formed. 
A chill casting has a white shell and a gray iron core. 
The formation of gray or chilled castings is conditioned 
by the chemical composition and the cooling process. 
Silicon causes the dissociation of iron carbide and the 
graphite formation and thus promotes the formation of 
gray crude iron. Manganese counteracts this dissociation 
and promotes the formation of white crude iron. Quick 
cooling hinders the formation of graphite; slow cooling pro- 
motes it. Silicon and slow cooling permit the formation 
of gray iron casting. Manganese and rapid cooling pro- 
duce chilled castings and the transition forms between 
gray and chilled casting. Iron has a crystalline structure. 
Steel castings, ingot iron, and ingot steel are produced in 
the molten state; when they harden, crystals form first on 
the sides and grow toward the center. During cooling, the 
iron contracts, and hollow spaces or “‘pipe” are formed. 
Chemical compounds of iron with carbon, sulfur, and phos- 
phorus remain molten longer than the iron, which hardens 
on the form walls, and form the core, but both are rolled 
out in the same mass. The structure and properties of 
some alloys are briefly mentioned. M.V.C. 
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Investigation of fish-scale phenomena. W. W. Hiccins 
AND W. A. Derincer. Jour. Amer. Ceram. Soc., 24 [12] 
283-92 (1941).—7 references, 14 a 

Maintaining enamelware under wartime 
conditions. ANon. Ceram. Ind., 7 15) 34-48 (1941).— 
A report of the Sixth Porcelain Enamel Institute Forum, 
held Oct. 8 to 10, 1941, at Columbus, Ohio, is given. 

H.T 


Maintenance of porcelain enamel furnaces. M. J. 
Bozstn. Enamelist, 18 [12] 16-31, 34-35 (1941).—The 
maintenance and general upkeep of various types of fuel- 
fired enameling furnaces are discussed. Ther- 
mocouples should be inspected at least omce every two 
months to check for oxidation, and regular cuecks must 
also be made on recording and indicating instruments to 
insure proper performance. The correct adjustment of 
burners and draft equipment is important. Recommended 
procedures for the idling or shutdown of continuous fur- 
naces and a series of combustion charts for gas and fuel 
oil are given. See “Testing . »” Ceram. Abs. ke 19 [7] 
158 (1940). L.E.T. 

Methods of achieving efficiency in southern enamel shop. 
Anon. Ceram. Ind., 37 [3] 35-57 (1941).—The enameling 
plant of the Samuel Stamping & Enameling Co. is de- 
scribed. Illustrated. See “Produce... ,” Ceram. Abs., 
19 [4] 88 (1940). H.T. 

Molybdenum. Arruur Linz. Chem. Industries, 48 
[5] 570-74 (1941).—A short history of molybdenum and 
its uses in the steel, chemical, and electrical industries is 
presented. In ceramics, molybdenum is used as an adher- 
ence-promoting agent in glass enameling steel and iron. 
The pale color of its compounds is of especial interest in this 
field. E.D.M. 

Porcelain enameling with a radiation-type pyrometer. 
W. A. Barrows. Better Enameling, 12 [11] 9-11, 28 
(1941); Products Finishing, 6 [2] 18-20, 22, 24, 26 (1941).— 
The loss of experienced help makes it necessary to operate 
with untrained men. A study of the requirements for 
firing enamel indicated that the actual temperature of the 
ware, rather than the time of firing or the furnace tem- 
perature, was the most important. Either an optical 
or a radiation pyrometer was needed to show the matur- 
ing temperature of the ware; a sturdy radiation pyrometer 
with an alarm proved best. With the furnaces in use, 
definite temperatures for ground coat, zirconium white, 
and color and black coats were worked out. The actual 
firing temperatures were very close to the sagging tem- 
perature of the iron base. Improperly fired ware is a 
rarity with the new setup. H.K.R. 

Reduce dirt-speck rejects 50% with spray unit under 
pressure. Anon. Ceram. Ind., 37 [2] 35, 37 (1941).— 
At the plant of the Tennessee Enamel! Mfg. Co. the spray 
room has put under positive pressure, resulting in a 
decrease of losses due to dirt specking and in better reclama- 
tion of oversprayed enamel. Closer control of spray weight 
cuts damage due to chipping. Illustrated. H.T. 

Reduction in losses from e due to chipping of 
enamel. Anon. Ceram. Ind., 37 [3] 44, 46, 48 (1941).— 
Various types of chips occurring on enameled surfaces are 
analyzed, and methods of eliminating or minimizing 
chipping are described. H.T. 

Relation of coefficient of expansion to impact resistance 
of porcelain enamels. R. L. FELLows AND P. M. WHEELER. 
Jour. Amer. Ceram. Soc., 24 [11] 356-60 (1941).—3 refer- 
ences, 1 figure. 

Simple study of transportation hazards lowers enamel- 
ware e 77%. ANON. Ceram. Ind., 27 [4] 60-62 
(1941).—Various machines for testing shipping hazards 
of vitreous enamelware are described. Better methods 
of crating enamelware help to reduce the percentage of 
transportation losses. Illustrated. H.T. 

Standardization cuts enamel costs. ANON. Ceram. 
Ind., 36 [6] 49, 52-54 (1941).—The enameling plant of the 
Nash-Kelvinator Corp. in Grand Rapids, Mich., is de- 
scribed. To achieve production economies, a favorable 
price was put on the 6-cu. ft. refrigerator with the result 
that 80% of all modeis fall into this class. This reduces die 
cost and permits the entire enamel department to work on 


il 


1942 


one part at a time. A complete production-layout dia- 
gram of the plant is shown. Noteworthy is the long in- 
spection line for ground-coat ware. Illustrated. H.T. 


BOOK 
Enamel Labora Manual. ANDREW I. ANDREWS AND 
Ratpxu L. Coox. rrard Press, Champaign, IIl., 1941. 


64 pp., 17 tables. Price $1.25.—This book is exactly all 
that its title implies. It has data tables, calculation for- 
mulas, and descriptions of materials, processes, and equip- 
ment. It details a few experiments and suggests by title 
several others. No literature references. R.C.PurDY 
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PATENTS 


Dishpan. J. G. Ripgovur (Columbian Enameling & 
sine” ,Inc.). U.S. 2,262,204, Nov. 11, 1941 (Feb. 
’ Melting and fining of vitreous enamels. R. H. Turk 
(Porcelain Enamel & Mfg. Co.). U.S. 2,262,069, Nov. 11, 


- charging and smelting 
and a or and sm vit- 
reous enamels. R. H. Turk (Porcelain Enamel & Mfg. 
Co.). U.S. 2,262, 070, Nov. Th 1941 (Nov. 15, 1938). 


Method and oe for enameling. W. C. Jounson. 
U. S. 2,259,935, Oct. 21, 1941 (Aug. 27, 1940). 


Glass 


Aluminum reflectors. T. Moriya. Electrotech. Jour. 
[Japan], 4 [12] 268-69 (1940).—Aluminum is evaporated 
onto a glass lens. As a copper backing cannot be elec- 
troplated directly on aluminum, intermediate layers of 
metals such as chromium and silver are necessary. The 
glass lens is removed, and the surface of the aluminum 
thus exposed is oxidized to protect the metal. R.L.G. 

Care of molds in the glass industry. V. Crvrox’. 
Sklétské Roszhledy, 18 [1] 3-8 (1941).—The disadvantages 
of oil lubricants which burn out at low temperatures and 
form combustion products which are injurious to the sur- 
face of the glass and make the molds difficult to clean 
are avoided by the use of colloidal graphite as lubricant. 
It is resistant to high temperatures and forms a durable, 
chemically inert coating which protects molds and glass. 
See “Colloidal... ,” Ceram. Abs., 19 [2] 42 (1940); 20 [11] 
260 (1941). M.V.C. 

Characteristic interference patterns of plate and window 

F. W. Apams AND P. W. Frencn. Jour. Amer. 
Ceram. Soc., 24 [11] 378-81 (1941).—10 figures. 

Chrome-plating saves are molds. D. McGrecor. 
Amer. Machinist, 85 [18] 854—55 (1941).—Molds of chilled 
gray Fe quickly lose their high polish, and after 4 hr. a 
heavy coating of oxide is formed on their surfaces when in 
constant contact with glass of about 2850°F. Cr-plated 
molds and plungers, however, retain their initial high 
polish, and the life of the mold is 3 to 10 times longer. In 
addition, the glass articles produced have a crystal-like 
luster which adds to their appearance and sales appeal. 
The preparation of the mold for Cr-plating is described 
in detail; the metal to be plated must be of close grain and 
free from defects. The surface must be highly polished 
and scrupulously degreased, and the chromic acid bath 
should consist of 3 Ib. of chromic acid plus 0.4 oz. of H,SO, 
to each gallon of water and should be maintained = i ; 

Constitution of glass. W. Erre.. Presented before the 
Greater Berlin and Mark District Union of the Verein 
Deutscher Chemiker, Oct., 1938; abstracted in Angew. 
Chem., 52 [8] 183-84 (1939).—-E. reviews the various 
schools of thought regarding the constitution of glass. 
These include the random orientation concept of Zach- 
ariasen substantiated by Warren’s experiments, the crys- 
tallite theory of Rooksby ef al., the work of Valenkov 
and Poray-Koshitz and of Hartleif, and finally the solu- 
tion hypothesis of Weyl. R.L.G. 

Demuth plant features diversity. ANon. Glass Ind., 
22 [9] 389-92 (1941).—The Demuth Glass Works, Inc., 
Brooklyn, N. Y., has been conceived and operated on the 
principle of the manufacture of a great diversity of ware 
in comparatively small quantities. Products include 
colored glass rods for the jewelry and novelty trade, tub- 
ing, gauge glasses, laboratory ware, oil cups, and a 
machine parts. Illustrated. 

Dielectric losses at high frequencies in (5) ane fabric. 
G. I. Sxanavr. Jour. Phys. U.S.S.R., 4 2] 85-8 
(1941).—Dielectric losses in glass fabric are measured - 
106 m. Glass cloth which is washed shows a lower igé 
than unwashed cloth. Both tgs and the dielectric con- 
stant for the glass fabric are lower than those for the glass 
from which the fabric is made owing to the presence of 


about 60% air by volume. Values for the fabric are cal- 
culated from those for the glass. The use of very fine 
fibers is recommended for the insulation of high-frequency 
cables. See Ceram. Abs., 18 [10] 266 (1939). R.L.G. 
Dielectric pro es of glass cloth in compressed gases. 
B. M. Wut, G. M. KovaLenxo, AND J. M. Parnas. 
Jour. Phys. U.S.S.R., 3 [4-5] 321-27 (1940).—These are 
the first results of a series of investigations concerning the 
dielectric behavior of glass tape. With an increasing pres- 
sure of nitrogen, the breakdown voltage of glass cloth in- 
creases but remains less than that of the gas gap of the 
same thickness. 7 gé at 50 cycles remains at about 0.001 
and is independent of voltage and pressure variations. The 
resistivity is of the order of 10"* ohm-cm., and the dielec- 
tric constant is 1.3 at 50 cycles. R.L.G. 
Electric furnaces in the industry. V. Crvrox’. 
Skldfské Roshledy, 16 [8] 141-46 (1939).—Types of 
electric kilns and their technical and economical advan- 
tages are discussed. M.V.C. 
Electric furnaces for glassmelting. V. Crvrox‘. 
Rozhledy, 16 122-28 (1939).—No suitable ma- 
terial for heating elements for electric pot furnaces was 
found in tests in which glass was melted in the electric 
laboratory furnace by Brown-Boveri at the Glass Research 
Institute at Kéniggritz and during practice with an elec- 
tric pot furnace by Brown-Boveri in Baden. Ceramic heat- 
ing rods lasted only 3000 to 5000 hr. because of high 
temperatures and chemical corrosion. Electric pot fur- 
naces could be used only for the manufacture of special 
glasses. M.V.C, 
Etching glass wipes off reflections from surfaces. ANON. 
Science News Letter, 40 [18] 275-76 (1941).—A new meth- 
od in which the glass surface is exposed to hydrofluoric 
acid vapor, which etches away a small amount of surface 
and leaves a thin, transparent film of valcium fluoride, 
has been developed. See “No refiection,”’ Ceram. Abs., 
19 [7] 160 (1940); “Elimination .. ., ibid., 20 [1] 12 
G.A 


Fused-silica tanks. ANON. Chem. Age endeal 44 
[1148] 369 (1941).—Pure fused silica is a suitable ma- 
terial for tanks for holding corrosive solutions. The ma- 
terial is nonreactive with acids (except hydrofluoric and 
phosphoric) at all ordinary working temperatures, is highly 
resistant to many other liquids, and withstands sudden 
temperature changes and prolonged heating up to 1100°C. 
For these reasons, contamination of a solution, e.g., a plat- 
ing bath, is reduced to a minimum, and the heat resistance 
gives an added factor of safety in handling such materials 
as the solution obtained in refining precious metals and in 
the extraction of radium compounds. Tanks without joints 
can be supplied up to a size 37 in. long, 18 in. wide, and 
16'/; in. high (all measurements external) with a wall thick- 
ness of '/, to */¢ in. A.B.S. 

Glass. H. S. Wuerretr. Chem. Industries, 48 [3] 
302-303 (1941).—Although the glass industry is 5000 
years old, the first definite assignment of dates and locali- 
ties is made to 1500 to 1400 B.c. In Rome, research led 
to translucent glass and beautiful colors; in Venice beau- 
tiful transparent glasses were developed. The Venetians 
originated the crown-glass process, which resulted in a 
type of flat glass known as “‘bull’s-eye.” Satisfactory 
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mirrors were produced from a Hg-Ag amalgam. Silvered 
mirrors did not appear until 1860. In England the de- 
velopment of flint glass brought a new era in glass manu- 
facture and ied to the movement of the glass industry from 
Europe to the British Isles and to the production of plate 
glass in 1690. In America, glass manufacture began about 
1608, but the first successful company was the Pittsburgh 
Plate Glass <e. Eventually, plate-glass production 
(developed by acest and rolling in thin sheets, giving 
a more uniform glass. Sheet drawing originated in the 
early 1900’s in Western Pennsylvania and in Belgium. 
New developments of the past 15 years include glasses with 
better light transmission (91%, compared with 89% for 
normal glass), heat-absorbing glasses, X-ray absorptive 
glasses, new colors, and colored glasses with complete 
transparency. Special glasses for the absorption of spe- 
cific wave lengths have been developed recently. Lami- 
nated safety glass has been perfected, which will stop a 
bullet traveling 2750 ft. per sec. E.D.M. 
Glass carboy. C. H. Burcner. Chem. Age [London], 
44 [1148] 365 (1941).—The glass carboy is stiil largely 
used for the transport of acids and other corrosive liquids. 
Efficiency is raised by packing the carboy in a metal or 
wicker crate; mineral wool is preferable to straw as a pack- 
ing material. As an alternative, aluminum drums have 
proved advantageous for carrying nitric acid of certain 
strengths, while steel drums can be used for sulfuric acid. 
The glass carboy has greater initial cheapness and is a 
robust container in spite of the fact that it is made of a 
Glass composi control by the use o! 
determinations. ANON. Glass Ind.,22 
—Specific-gravity control is most useful for the small lab- 
oratory. The procedure is described in detail. A.P. 
Glass as competitor of iron. V. Crvrox’. Skidfské 
Roshledy, 18 [4] 57-61 (1941).—C. describes the processes 
of hardening glass and the physical properties of the 
hardened glass and gives examples of its use as a substi- 
tute for iron. Illustrated. M.V.C. 
fiber electrical insulation. R. QUARENDON. 
Engineer, 169 [4405] 538-39 (1940).—Glass insulation is 
increasingly employed to replace cotton insulation 
in electric motors. Under test, one motor in which glass 
fibers were used carried a 100%, overload for 6 hr. without 
damage. With the rotor locked for 5 min. the motor with- 
stood a 200°C. temperature rise without harm. Another 
motor was run for 6 hr. with one phase opened, the only 
result being a large temperature rise. A continuous work- 
ing temperature of 90°C. does not harm the motor. The 
hot motor was immersed in water and removed, and the 
full voltage was then applied with the rotor locked. Three 
minutes after this treatment the winding had dried out and 
full insulation value had been restored. See Ceram. Abs., 
19 [3] 63 (1940). G.A.K. 
Glass-to-metal seals: II. A. W. Hutt, E. E. Burcer, 
anp L. Navias. Jour. Applied Physics, 12, 698-707 
(1941).—The properties of an improved Fernico alloy are 
discussed, including sensitiveness to impurities and poly- 
morphism. Three new glass-metal combinations are de- 
scribed: 1075 glass with 42% nickel-iron, 286 glass with 
26% chromium-iron, and 542 glass with pure iron. Their 
compositions are as follows: 


1075 286 542 
SiO, 34 54 45 
B,O; 28 
PbO 29 29 30 
Al,O; 7 
Na;O 2 5 6 
K,0 14 
BaO 4 
CaF, 5 


The strength of the glass-metal bond is only briefly 
discussed because it has not yet been studied. For Part I 
see Ceram. Abs. 


14 [6] 136 (1935). A.P. 
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Glass without glare prepared electrically. ANon. 
Science News Letter, 40 [14] 216 (1941).—Glass without 
glare is prepared by coating the surface with a film of 
ooo in. thick. See “No reflection,” 


magnesium fluoride 
— Abs., 19 [7] 160 (1940); “Elimination ... ,” sid., 
12 (1941). G.A.K. 


sunlight. V. Crvroxf. 
tots) 43-46 —Special glasses 
which are permeable to ultraviolet light and the results 
of practical experiments on their use for medical purposes 
and in construction are reviewed M.V.C. 
Glass replaces tin in German food industries. ANON. 
Science News Letter, 38 [8] 120 (1940). G.A.K. 
Glass tires running on glass bridges foreseen. ANON. 
Science News Letter, 40 [1] 9 (1941).—The use of glass 
for tire cords, to give the strength needed to offset de- 
creased thickness, is being tested. G.A.K. 
Glasses colored with eloxide. O.PkipaL. Skidfské 
Roshledy, 18 [5] 77-84 (1941).—Experiments were made at 
the Institute for Glass Research at Kéniggritz to study the 
relation between the coloring of glasses by nickel oxide and 
the composition of the glass. A series of glasses of different 
compositions but with the same nickel oxide content 
(0.25%) was made. Glasses with the molecular formula 
6SiO,- 1.06R,0-0.71CaO were smelted first. The chemical 
compositions were as follows: (1) soda glass, 360 gm. 
SiO,, 68.2 gm. Na,O, 40 gm. CaO, and 1.17 gm. NiO; 
(2) lithium glass, 360 gm. SiO,, 32.8 gm. Li,O, 40 gm. CaO, 
and 1.08 gm. NiO; (3) potash giass, 360 gm. SiO:, 103.4 
gm. K,O, 40 gm. CaO, and 1.26 gm. NiO. Small sheets 
were cut from the glass and polished and then measured 
in the visible and infrared spectral field; the absorption 
curves are plotted. From an examination of the curves 
for Li, Na, and K, it can be assumed that the color of the 
Na glass could be obtained by a suitable combination of 
lithium and potassium. The high absorption in blue that 
is characteristic of soda glass is markedly displayed by 
lithium oxide glasses, and the secondary high absorption 
of sodium glass in orange and light red occurs in potash 
glasses. A series of Li-K glasses was made with 0.25% 
NiO and the same compositions as those of the first three 
glasses but with the Li,O-K,O content in varying propor- 
tions (No. 1, 1:1.5; No. 2, 1:1; No.3, 1.5:1). Their 
chemical compositions are given. All the glasses were 
colored red-violet, and No. 1 had a violet tinge and No. 3 a 
brown tinge. The extinction coefficients (£9) are shown in 
a diagram to give the absorption curves of the glasses. A 
study was made tu determine what thickness of Na glasses 
and K-Li-2 glasses gave the same color tone. Two potas- 
sium borosilicate glasses were also made. One contained 
47 SiO,, 37 B,O;, 3 Al,O;, 11 K,O, and 0.25% NiO and gave 
a lemon-yellow color with a green tinge in daylight; the 
other had the same composition with the addition of 3% 
KCl and gave a neutral gray with a blue-green tinge. The 
following practical conclusions were drawn: Nickel oxide 
is a comparatively safe coloring oxide; a given quantity 
of it can be depended on to give the same coloring in glasses 
of the same composition, and it is not affected by oxidizing 
or reducing fire or by annealing. Nickel oxide can also 
be considered a reliable decoloring agent for light yellow- 
green glasses. A series of colors from red-brown to blue- 
violet can be obtained with nickel oxide, but the chemical 
composition of the glass must be carefully controlled as it 
has a great effect on the final coloring. It must be noted 
that, with increasing molecular weight, the alkali constit- 
uents displace the color in the direction of blue-violet. 
A mixture of lithium oxide with potash will give almost 
the same color as soda, whose molecular weight lies be- 
tween that of lithium oxide and that of potassium oxide 
(good violet glasses can be smelted without the addition 
of pyrolusite). The addition of chlorides, e.g., common 
salt, also displaces the coloring toward blue-violet. Acid 
constituents, such as boric acid, phosphoric acid, etc., dis- 
place the color in the opposite direction, toward red-brown. 
Glasses colored with nickel usually have subdued tones be- 
cause of their high neutral gray content; for this reason 
nickel oxide in combination with other coloring oxides 
is suitable for smoked glasses and for spectacles for pro- 
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tection against glare. In glasses for protective spectacles, 
which are cooled suddenly and receive no further anneal- 
ing treatment, a blue color tone is obtained. M.V.C. 

G situation. ANon. Glass Ind., 22 [9] 
387-88, 397 (1941).—The effects of World War II on raw 
materials, metals, equipment, fuel, shipping, labor, and 
other factors affecting the production of glass are — 


Heat-treated lenses and the use of prescription lenses in 
industry. E. L. Herrincer. Bull. Virginia Polytech. 
Inst., No. 38, pp. 45-53 (Jan., 1941).—Eye accidents in 
industry have been remarkably reduced by the use of gog- 
gles. Heat-treated lenses (toughened glass) of high 
strength protect the eyes against flying chips of metals and 
other solids. The physics and chemistry of toughened 
It is undesirable to attempt to heat- 

irregular curvature, such as ophthalmic 
lenses. Uniform and parallel surfaces of the lens blank are 
necessary for best results. P.S.D. 

High frequency dielectric loss angles of various solid 
insulating materials at low temperatures. S. OKazakI 
ANDI. OruKa. Electrotech, Jour. (Japan), 5 [1] 15(1941).— 
High frequency loss angle measuremenis were made for a 
temperature range of —150° to 100°C. with steatite, 
Mycalex, borosilicate glass, phenol resin with and without 
filler, and metacrylic acid resin. W.J.L. + R.L.G. 

Influence of temperature and furnace atmosphere on 
the apparent density and bubble content of melting sulfate 

H. JeBSEN-MARWEDEL. Glastech. Ber., 19 
5] 165-71 (1941).—The apparent densities of sulfate 
glasses melted at 1290° and 1340° under both oxidizing 
and reducing conditions are plotted against time. There 
is considerable spread in the curves for the melts made 
under reducing or oxidizing conditions in the region of 60 
to90 min. The points are noticeably more scattered under 
reducing conditions than under oxidizing conditions, indi- 
cating strongiy the necessity of careful furnace-atmosphere 
control to produce uniform quality. The maximum den- 
sity value approached by the glasses melted under oxidizing 
conditions is noticeably lower than that for the melts made 
under reducing conditions, and this value is in every case 
approached more rapidly under reducing conditions than 
under oxidizing conditions. The rate of gas evolution at 
1290° is greater under reducing conditions than at 1340° 
under oxidizing conditions. - J.F.H. 

Longer service from ouse refractories: I, Glass- 
melting and tank operation. ANON. Ceram. Ind., 37 (4) 
36-37, 40-41, 44 (1941).—Facts gathered from forty- four 
books and research reports and from personal contacts in 
the glass and refractories fields are presented. Research 
data available on the chemical behavior of glass melts 
containing various fluxes, physical considerations of the 
glass melt, tank design, and tank operation procedure are 
covered. Illustrated. 16 references. Types of 
refractories. Ibid., [5] 50, 52, 54-56.—The various types 
of refractories used in glass plants and their compositions 
and properties are described. The following refractories 
are discussed: silica, high-alumina, mullite, fire-clay, and 
silicon carbide refractories, chemically bonded magnesite 
brick, and refractory mortars and cements. A table shows 
their physical properties. 28references. See “Refractory 
service ...,”"” Ceram. Abs., 19 [7] 164-65 (1940). H.T. 

Method of measuring ‘volume electrical conductivity of 
silicate at room tem tures. L. Yu. Kurtrts. 
Isvest. Akad. Nauk S.S.S.R., 1 Khim. Nauk, 1940, 811- 
24.—The method consists of passing electric current one 
way and then another. The electrical conductivity is meas- 
ured between the ninth and tenth minute after the change 
in the direction of the current. Experiments were also 
made to determine the dependence of polarization upon the 
material of the electrode, the temperature, and current 
strength. Results show that the velocity of polarization is 
independent of the thickness of the sample and 5 * the ma- 
terial and area of the electrode. B.Z.K. 

Mi ical study of diffusing M. Fan- 
DERLIK. Skidiské Roshledy, 16 [4] 62-68 (1939).—Flashed 
opal glasses (a sheet of opal glass between two sheets of 
crystal) were ground in the form of microscopical wedges, 
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the angle a being known, and studied in transmitted 
light to determine the size of diffusing particles and by 
means of a cardioid condensing lens to determine the den- 
sity of particles per mm.*; the enlargement was 2000 times 
in both cases. The results are shown in tables. Photo- 
micrographs of the dividing line between the opal glass 
sheet and the crystal sheet show that single particles pene- 
trate into the crystal sheet only to a depth of 4.95 microns. 
The uniformity of the density of diffusing particles was 
established by measurements at different places on the 
wedges and also at different depths of the opal sheet. The 
investigations proved the following points: (1) The thick- 
ness of the opal sheet of flashed opal glasses (which are 
probably the most suitable materials for making illumi- 
nating glassware) is not absolutely uniform. (2) The 
density of particles (the number of particles per mm.*) 
varies in flat opal glasses, between 4.62 X 10’ and 12.7 
10’ and in the globes between 4.6 X 10’ and 7.3 X 10’. 
The density of particles varies slightly at different points 
on the globes. (3) The dimensions of the diffusing par- 
ticles vary in flat glasses between 0.57 u and 0.82 » and in 
the globes between 0.62 4 and 0.904. The dimensions vary 
at different places on the globes, the greatest deviation 
being +2.4%. This microscopical study proves that the 
Ryde-Cooper theory (Ceram. Abs., 12 [7] 256 (1933)) is 
applicable in practice to flashed opal glasses, which are a 
specialty of the Czechoslovakian glass industry. 
M.V.C. 
Modulus of elasticity of some technical glasses in rela- 
tion to tem ture. Kurt Franke. Glastech. Ber., 19 
[4] 113-19 (1941).—The dynamic method of O. V. Auwers 
was used. The test samples, in rod form, were suspended 
in the middle in a tubular brass chamber which fitted into 
afurnace. The ends of the specimens were fitted with thin 
soft iron caps so that longitudinal vibrations at a certain 
resonance frequency could be induced by electromagnets 
placed near each end and connected to the requisite os- 
cillator and amplifier circuits. Frequency measurements 
were made with an oscillograph by comparison with a 
standard frequency of 1000 cycles. Thirteen Jena glasses 
were examined from room temperature to the softening 
point. They varied in modulus of elasticity from 5500 to 
9200 kgm./mm.? at 20°C. No secondary effects peculiar to 
the method, which affected the elastic properties, were 
observed either with strained or annealed samples. In 
agreement with other properties, the modulus of elasticity 
and the temperature coefficient are dependent on the strains 
present. Six of the glasses followed the normal course, 
showing a negative temperature coefficient as found by 
Winkelmann. Jena glass 2954"! is peculiar in that the 
temperature coefficient becomes smaller at 200°. Robax 
glass shows a positive coefficient up to 200°. Five of the 
glasses, Mo sealing-in glass, Duran glass, ap»aratus glass 
20, Mo-uviol glass, and milk glass, showed a positive tem- 
perature coefficient. The annealing temperature and 
transformation point are readily determined from the 
modulus-temperature curves. J.F.H. 
Necessity of welding that will protect the eyes. 
E. L. Hetrincer. Bull. Virginia Polytech. Inst., No. 38, 
pp. 25-30 (Jan., 1941).—The effects of ultraviolet, visible, 
and infrared radiations on the human eye are discussed. 
Eye-protective glasses are necessary to minimize eye in- 
juries and consequent loss of time in industrial welding 
work. Suitable eye-protective glasses should possess (1) 
good ultraviolet cutoff, (2) good infrared cutoff, and (3), to 
reduce eye fatigue to a minimum, good transmission 
through the yellow-green portion of the visible spectrum. 
P.S.D. 
Owens-Corning widens tank ports to relieve furnace 
pressure. ANon. Ceram. Ind., 37 [2] 40, 42 (1941).—A 
new tank for Fiberglas, built by the Owens-Corning Fiber- 
glas Corp., embodies knowledge gained from the operation 
of former tanks. This new tank has throatless construc- 
tion, a flat bottom, no doghouses, no baffle walls in the 
ports, and all electrocast refractory superstructure. Illus- 
trated. - 
Phosphates in ceramic ware: IV, Phosphate glasses. 
NorBert J. AND WoOLDEMAR A. WeYL. Jorn. 
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Amer. Ceram. Soc., 24 {t1] 372-78 (1941).—27 references, 
3 figures. For Part Il see ibid., [10] 337-40. 
Physicochemical investigations of the fine structure of 
——— E. Korpes. Read before Kaiser Wilhelm-Inst. 
Phys. Chem. und Elektrochem., June, 1940; abstracted 
in Angew. Chem., 53 [41-42] 480 (1940).—K. reviews the 
correlation between his experiments on mole refraction 
and mole volume of simple silicate, borate, and phosphate 
glasses and the structure of glasses as proposed by Zach- 
ariasen and Warren. See Ceram. Abs., 19 [1] = a’ 
L.G. 


Potash substitutes. F.Zuman. Skldfské Roshiedy 16 
[4] 68-72 (1939).—The use of Giauber’s salt as a substi- 
tute for potash in glassmaking has been studied since the 
19th century, but it has not yet found favor with glass- 
makers. M.V.C. 

ae in the manufacture, properties, and use of 

or construction purposes. V. Cryrox’. Skidfské 
oehledo, 16 [5] 82-88 (1939).—Progress in the manufac- 
ture of hollow glass brick and pressed glass prisms and in 
the methods of welding pressed half brick are described. 
The physical properties of annealed and hardened glass, 
e.g., transmission of light, thermal conductivity, and 
mechanical resistance, are discussed. The excellent phys- 
ical, hygienic, and decorative properties of glass recom- 
mend it for wider application in all branches of modern 
architecture. M.V.C. 

Rate of fracture in glass and plastics. H. ScHARDIN. 
Presented before Phys. Inst., Sept., 1940; abstracted in 
Angew. Chem., 53 [43-44] 513 (1940).—The fracture of 
glass proceeds radially from the center of fracture at a ve- 
locity, almost constant in ordinary glasses, of 1500 m. 
per sec. The development of strain during fracture can 
be observed and followed by optical effects. In synthetic 
resins the velocity of fracture is smaller and is not con- 
stant. See “Discussion . .. Ceram. Abs., 20 [3] 65 
(1941); “‘High-frequency...,”’ ‘Ceram. Abs., 18 [1] 17 

R.L.G. 


Results of textile investigations on glass silk and glass 
fiber yarn. P. A. Kocn. Glastech. Ber., 19 [5] 153-64 
(1941).—K. presents a detailed study of the properties of 
Gerrix brand glass fibers. This includes examination of 
the strength properties and the effect of temperature and 
humidity on these properties. See “Effect of heat...,”’ 
Ceram. Abs., 20 [6] 141 (1941). J.F.H. 

Sh e of overcome by Americans. 
Anon. Science News Letter, 38 [19] 296 (1940).—Medical 
glass, formerly imported from Germany, is now made in 
the U. S. This glass, known as Lustra Cover Glass, is 
extremely thin and practically colorless. See ‘United 
States... ,”” Ceram. Abs., 20 [2] 43 (1941). G.A.K. 

Solubility of zirconia in soda-borosilicate glasses. BuRN- 
HAM W. KING, JR., AND ANDREW I. ANDREWS. Jour. 
Amer. Ceram. Soc., 24 [11] 367-72 (1941).—5 references, 15 


figures. 

Standardization work in the field of apparatus glass. 
Anon. Glastech. Ber., 19 [4] 126-27 (1941).—The pro- 
posed standard test for acid stability comprises measure- 
ment of the loss in weight in mg. per 100 cm.? after exposure 
for 5 hr. to boiling 4 N HCl (temperature 108°C.), using 1 
liter of the solution under reflux with the sample suspended 
to give good circulation. The glasses are thus classed as 
(1) acid resistant, 0 to 12 mg. per 100 cm.*; (2) slightly 
soluble, 1.3 to 2.5 mg. per 100 cm.*?; and (3) readily sol- 
uble, > 2.5 mg. per 100 cm.?. For alkali stability the 
samples are exposed to 1 liter of boiling 1 N alkaline solu- 
tion (1/2 N NaOH, !/2 N NazCO;) in a silver or other suit- 
able metal container. A glass is considered slightly sol- 
uble with a weight loss of 125 mg. per 100 cm.? per 5 hr., 
eee, soluble with a loss of 126 to 250 mg. per 100 

cm.?, and strongly soluble with a loss of over 250 mg. per 
100 cm.? J.F.H. 

Supercooled silicates and their importance in considera- 
tions of the liquid state. Eric Preston. Proc. Phys. Soc. 
[London], 53, 568-83 (1941).—A study of the properties 
of crystallization, viscosity, electrical conductivity, and 

ace tension shows that silicate glasses are supercooled 
liquids and may be regarded as solutions whose constitu- 


Ceramic Abstracts 


Vol. 21, No. 1 


ents are associated to a greater or lesser degree, depend- 
ing on composition and temperature. Recent researches 
on the structure of glass by X-ray methods indicate that 
it is typical of the liquid state. Glass at room temperature 
Possesses a static structure as opposed to the dynamic 
ever-changing configuration of the particles of a normal 
liquid, and or this account simple glasses may prove to be 
of great value in the further elucidation and the provision 
of an adequate theory of the structure of liquids. See 
20 [10] 248 (1941). L.E.T. 

Surfac ion of glasses. MuiLora FANDERLIK. 
Skld¥ské “Rothledy, 18 [5] 87-89 (1941).—To render the 
surface of glass, which is more or less corroded by the ac- 
tion of water and other solutions, more resistant to corro- 
sion, a protective coating of silicic acid is applied to the 
surface. M.V.C. 

Thermal on studies of boric oxide glass and of 
crystalline boric oxide. James J. DoNoGHUE AND DONALD 
Hupparp. Jour. Research Nat. Bur. Standards, 27 [4)} 
371-79 (1941); RP 1425. Price 5¢.—The expansion char- 
acteristics of a boric oxide (B,O;) glass and of a sample of 
crystalline boric oxide were studied by the interferometer 
method. The results obtained are chiefly of qualitative 
interest but offer a satisfactory picture of some of the diffi- 
culties that must be overcome if true expansion data are to 
be obtained on these materials. The characteristics of the 
expansion curves for boric oxide glass and crystalline boric 
oxide differ greatly. The sample of crystalline boric oxide 
has a melting temperature between 450° and 451°C. After 
being heated to its melting point, this material does not 
recrystallize on cooling but remains in a fused state as indi- 
cated by the critical and softening temperatures shown by 
its expansion curve. 17 references. R.A.H. 

Three inches of safety glass shields fliers from bullets. 
Anon. Science News Letter, 40 [2] 23 (1941).—Bullet- 
proof safety glass 3 in. thick is used as a protection for 
fliers in war planes. G. 


Titration and conductivity measurements of aqueous ex- 
tracts from bottles. EpGcar H. HAMILTON AND DONALD 
Hupparp. Jour. Research Nat. Bur. Standards, 27 [4] 
381-94 (1941); RP 1426. Price 5¢—In a study of the 
titration extracts from glass containers, certain precau- 
tions must be observed if reliable results are to be obtained. 
Direct and back titrations were made potentiometrically 
and with a series of indicators to demonstrate the effect 
of the presence of CO, and of ‘‘flakes.”” When the alkalini- 
ties of the aqueous extracts from bottles (determined by 
direct titration) were plotted against their specific con- 
ductivities, a linear relation was obtained for 9 out of 13 
different bottles. When the “‘back titers” of the filtered 
extracts were plotted against the conductivities, a similar 
straight line was obtained for the same 9 bottles. The 
relation between the ‘‘back titers’’ and the conductivities 
of unfiltered extracts was variable. The results indicate 
that the determination of only one property of the ex- 
tracts, such as alkalinity or conductivity, may lead to 
erroneous conclusions. 15 references. R.A.H. 


Two hundred-inch telescope. H. SpeENcER JONES. 
Proc. Phys. Soc. [London], 53, 497-516 (1941).—The early 
history of polished-metal and silvered-glass mirrors for 
telescopes is briefly reviewed. Glass has two important 
advantages as a material for such mirrors: it can take a 
very high degree of polish and it is free from any tendency 
to warp or distort with age. It also has, however, two 
great disadvantages which make it far from an ideal ma- 
terial: it has a high coefficient of expansion and is a poor 
conductor of heat. Because of the latter, temperature 
differences within the mirror persist for a long time. The 
100-in. glass mirror at Mount Wilson Observatory, made 
in 1917 of ordinary plate glass at the St.-Gobain Glass 
Works, weighs 5 tons, while the 200-in. special Pyrex brand 
glass mirror, now nearing installation at Pasadena, was 
made at the Corning Glass Works and weighs 14'/, tons. 
This mirror will be coated with a film of aluminum by the 
vacuum distillation process. The casting, annealing, and 
transportation of the glass mirror to California are describ.d 
in detail. Illustrated. L.E.T. 
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Whiteware bodies for glass research. H. R. MouLron. 
Ceram. Ind., 37 [5] 68 (1941).—Crucibles and other lab- 
oratory ware required in glass research are made by the 
Research Division of the American Optical Co. By close 
control and careful selection of materials, refractories are 
made for glass research in ophthalmic lenses. Illustrated. 

H.T 


World is waiting for Joun T. Ocpen. Glass 
Ind., 22 [9] 383 (1941).—Planning for the post-war period 
should begin now. To find and retain new uses for glass, 
experimentation is necessary. Since the tax situation is 
unfavorable to large profits and the retention of surplus 
as reserves, the best insurance against a post-war de- 
pression is to broaden markets through market research 
now. A.P. 

Zotos elting furnace. Gerorce ALEXANDER 
Zotos. Glass Ind., 22 [9] 393-96 (1941).—The Zotos 
furnaces differ from a rotary kiln in the essential feature of 
revolving at such a speed that the molten material is held 
against the lining by centrifugal force and surrounds the 
central combustion chamber. The translator (S. R. 
Scholes) regards it as a logical, if daring effort to get away 
from the notoriously inefficient conventional glass tank. 
7 references. A.P. 


BOOK AND SEPARATE PUBLICATION 


Glass and Glazing Including Definitions and Technol 
of Work on Glass. British Standard Specification 
952—1941. British Standards Inst., London. Price 3s 
6d net.—The following glasses are defined: transparent, 
sheet, rolled, polished plate, translucent, rough cast, 
cathedral, fluted, opal, wired, prismatic, crown, ultra- 
violet, lead (X-ray), heat-resisting sheet, mirror, tough- 
ened, and safety glass, glass brick, glass lenses, and various 
miscellaneous glasses. The forms resulting from cutting 
processes, etc., and various forms produced by bending are 
described and ‘illustrated. Brilliant-cutting and obscuring 
processes are also defined. A.B.S. 

Glass: The Miracle Maker. C. J. Puitirps. Pitman 
Publishing Corp., New York, 1941. 436 pp., 264 illustra- 
tions, charts, etc. Price $4.50.—An accurate, up-to-date, 
comprehensive account of the technology of glass is pre- 
sented. As a source of suggestions for new products and 
improved production methods, many of them essential in 
defense, this book meets the needs of engineers, industrial 
designers and executives, and students. For general read- 
ers it is a complete and understandable story, even without 
the three more technical chapters on chemistry and me- 
chanical and physical properties. For executivesand workers 
in glass plants it gives a detailed picture of glass manu- 
facture and technology. P. first treats hand glass proc- 
esses and then proceeds to the more involved machine proc- 
esses. His material on mechanical properties is the most 
extensive available. Of the chapters on application, that 
on glass in illumination stands out as comprehensive. 
Chapter headings are as follows: History; Glass today, 
with a discussion of the vitreous state; Preliminary funda- 
mentals; Glass production statistics; Chemistry of the 
subject; Mechanical properties; Other physical proper- 
ties; Materials handling; Fuels, refractories, furnaces, and 
the melting process; Principles of glassworking; Glass- 
working machinery; Finishing, annealing, decoration, 
and inspection; Glass in architecture and building con- 
struction; Glass in the home; Glass in electrical trans- 
mission and communication; Glass in illumination; Glass 
in manufacture; Glass in science and research; and Fiber 
glass. 

P. was previously connected with the Mellon Institute 
of Industrial Research and for ten years has been with the 
Corning Glass Works. He is well known as a speaker by 
such professional groups as the American Society of Me- 
chanical Engineers, American Institute of Electrical Engi- 
neers, Science Council of Western New York, Wisconsin 
Engineers Conference, Royal Canadian Institute, etc., and 
has contributed papers to many technical journals. 
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PATENTS 

Apparatus for: 

Fining molten K. B. McA.prne (Pittsburgh 
Plate Glass Co.). U.S. 2,261,034, Oct. 28, 1941 (April 
27, 1940). 

Fo sheet glass. J. T. Zetters (Libbey-Owens- 
Ford G Co.). U.S. 2,259,716, Oct. 21, 1941 (May 
21, 1938). 

M cellular blocks. E. H. Haux (Pittsburgh 
Plate Glass Co.). U.S. 2,257,681, Sept. 30, 1941 (Jan. 
28, 1938). 

Making hollow buil blocks. D. A. Bripcrs 
(Owens-Illinois Glass Co.). U. S. 2,259,728, Oct. 21, 


1941 (July 26, 1939). 

Manufacture of glass fibers. Games SLAYTER AND 
J. H. TuHomas (Owens-Corning Fiberglas Corp.). U. S. 
2,257,767, Oct. 7, 1941 (March 10, 1938). 

Polishing glass. PiLkincTon Bros., Ltp., AND F. B. 


Watpron. Brit. 539,540, Oct. 1, 1941 (Dec. 6, 1939). 
Prod a continuous glass strip. E. B. Le Mare 
(Libbey ms-Ford Glass Co.). U.S. 2,259,755, Oct. 


21, 1941 (Dec. 12, 1938). 


Tempering J. L. Drake (Libbey-Owens-Ford 
Glass Co.). U. S. 2,259,741, Oct. 21, 1941 (March 17, 
1938). 


Automatic cutoff means for flat drawn sheet glass. L. 
A. Hrnxxe (Rolland Glass Co.). U. S. 2,260,103, Oct. 21, 
1941 (June 19, 1940). 

Buil block. E. T. Putnam (Libbey-Owens-Ford 
Glass Co.). U.S. 2,259,778, Oct. 21, 1941 (May 27, 1939). 
O. W. Wirey (Pittsburgh-Corning Corp.). U.S. 2,261,- 
011, Oct. 28, 1941 (June 29, 1939). 

Coating glass tubes with luminescent materials. Gen- 
ERAL Evecrric Co., Lrp., L. F. Britten, H. G. JenxKrns, 
AnD A. H. McKeac. Brit. 539,520, Sept. 24, 1941 (March 
12, 1940); addition to Brit. 530,531, Dec. 26, 1940. 

Electrical glass splitting machine. J. F. Turke. U. S. 
2,258,692, Oct. 14, 1941 (April 19, 1939). 

Electrically heated tank furnaces for glass. PiLKINGc- 
TON Bros., Ltp. (Soc. Anon. des Manufactures des 
Glaces & Produits Chimiques de St.-Gobain, Chauny & 
Cirey). Brit. 540,103, Oct. 15, 1941 (April 2, 1940). 

Finely comminuted oxide paration. Dan Mc- 
LACHLAN (Corning Glass Works. Can. 399,171, Sept. 9, 
1941 (April 6, 1939; in U. S. May 14, 1938). G.M.H. 

Fitter mechanism for glassware. G. R. Hava (Hazel- 
Atlas Glass Co.). U.S. 2,259,377, Oct. 14, 1941 (Sept. 11, 
1939). 

Furnace. J. L. Drake (Libbey-Owens-Ford Glass Co.). 
U. S. 2,257,229, Sept. 30, 1941 (Sept. 23, 1937). 

Glass-bending mold. P. P. MarsHa.t (Pittsburgh 
Plate Glass Co.). U. S. 2,261,033, Oct. 28, 1941 (May 29, 
1937; June 28, 1938). 

Glass-feeding apparatus. Grorce Ruppert (Alexander 
H. Kerr & Co., Inc.). U. S. 2,262,469, Nov. 11, 1941 
(Feb. 25, 1939). 

Glass fiber products. British THomson-Hovuston Co., 
Lrp. Brit. 589,797, Oct. 8, 1941 (March 21, 1939). 

Glass having an expansion lower than that of silica and 
process for the manufacture thereof. Corninc GLass 
Works. Brit. 538,891, Sept. 3, 1941 (April 22, 1939). 

Glass inspection apparatus. J. L. Drake (Libbey- 
Owens-Ford Glass Co.). U.S. 2,257,230, Sept. 30, 1941 


(Feb. 6, 1939). 
Maki and seals for quartz lamps. 
Brit. 538,995, Sept. 3, 1941 
(April 22, 1939). 


Manufacture of laminated J. G. McNatty 
(Eastman Kodak Co.). U. S. 2,258,991, Oct. 14, 1941, 
(March 2, 1937). 

Manufacture of ruby E. I. pu Pont pe Ne- 
mours & Co. Brit. 539,514, Sept. 24, 1941 (March 10, 
1939). 

Manufacture of sheet glass. Pere MAcGrIni (American 
Window Glass Co.). U. S. 2,258,118, Oct. 7, 1941 (May 
9, 1938). H. D. Menoner (American Window Glass 
Co.). U.S. 2,258,121, Oct. 7, 1941 (May 10, 1938). 
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Manufacture of 

lation bodies. A. 
.). U. S. 2,257,112, Sept. 
anufacture of vesicular 

LytLe (Pittsburgh Plate G 

Oct. 28, 1941 (Dec. 24, 1937). 

Method and apparatus for ben 
( Pittsburgh Plate Gl Glass Co.). U. ry 023, Oct. 28, 
1941 (July 11, 1939). 

N ecting coating for glass. J. H. McLzop (East- 
man Kodak Co.). U.S. 2,260,471, Oct. 28, 1941 (Sept. 28, 
1940). 

Porous sintered glass articles. MARCONI’s WIRELESS 
Tevecraru Co., Lrp., C. P. FAGAN, AND E. G. Herriorr. 
Brit. 539,629, Oct. 1, 1941 (May 28, 1940). 

Refractory J. H. Parrripce (General Electric 
Co.). U.S. 2,262,198, Nov. 11, 1941 (July 19, 1938).— 
A refractory glass consists of approximately 56 silica, 15 
calcium oxide, 19 alumina, 6 magnesium oxide, 1 zinc oxide, 
and 3% barium oxide, the glass being easy to found and 
having good working properties, a softening point of ap- 
proximately 980°C., an electrical resistance of at least two 
megohms per cm.’ at 600°C., and a linear expansion of 
about 4.8 X 10~*. 

Rolling sheet glass. J. H. Lewis (Blue Ridge Glass 
Corp.). U.S. 2,261,262, Nov. 4, 1941 (Nov. 25, 1938). 

Safety mechanism for are-forming machines. 
E. G. Bripces. Brit. 539,669, Oct. 1, 1941 (March 14, 
1940). 

Sheet glass breaking apparatus. J. R. Morris (Libbey- 
Owens-Ford Glass Co.). U. S. 2,259,765, Oct. 21, 1941 
(Sept. 25, 1939). 

Spindle jaw and blank cooling apparatus. E. H. 


shapes of heat- and sound-insu- 

. Forster (Owens-Corning Fiberglas 
30, 1941 (Oct. 13, 1938). 

J. H. Fox anp W. O. 

Co.). U. S. 2,261,022, 
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Bennett (Libbey Glass Co.). U. 
1941 (Jan. 11, 1939). 
glass 


S. 2,259,991, Oct. 21, 


article manufacture. BerNarp 
(Soc. Anon. des Manufactures des Glaces & Produits 
Chimiques de St.-Gobain, Chauny & Cirey). Can. 399,- 
418, Sept. 16, 1941 (April 4, 1939). G.M.H. 


Tem H. E. Bowers (Libbey-Owens-Ford 
Glass Co.). U.S. 2,259,727, Oct. 21, 1941 (April 10, 1939). 
Tool for vials. F. D. Prnorrt (Kimble 


Glass Co.). U.S. 2,261,074, Oct. 28, 1941 (May 6, 1938). 

Treating fibrous Esaucu (Owens-Corning 
Fiberglas Corp.). U. S. 2,261,148, Nov. 4, 1941 (April 
10, 1937). 


Treatment of glass containers to improve their chemical 
durability. A. K. anp D. E. (Hartford-Em- 
pire Co.). U.S. 2,261,689, Nov. 4, 1941 (Dec. 16, 1939).— 
The method of treating a hollow glass article to improve 
the chemical durability of the interior surface thereof com- 
prises treating the article with a small amount of a halogen- 
substituted saturated hydrocarbon, which is a stable liquid 
at room temperature, while the article is at a temperature 
of more than 300°C. U. S. 2,261,690, Nov. 4, 1941 
(Dec. 16, 1939; Oct. 14, 1949).—The method of treating a 
hollow glass article to improve the chemical durability of 
the interior surface thereof comprises treating the article 
with a small amount of a single ring type aromatic hydro- 
carbon, which is a stable liquid at room temperature, while 
the article is at a temperature of more than 300°C. U.S. 
2,261,691, Nov. 4, 1941 (Dec. 16, 1939; Oct. 14, 1940).— 
The method of treating a hollow glass article to improve 
the chemical durability of the interior surface thereof com- 
prises treating the article with a small amount of acetone 
while the article is at a temperature of more than 300°C. 
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Adding sodium carbonate to finely und shale clay. 
V. L. Bosazza. Brit. Clayworker, 50 (593! 69 (1941).— 
Additions of 0.1 to 1.0% sodium carbonate increased the 
modulus of rupture of a green shale from 234 to 378 Ib./in.?. 
The optimum quantity of the chemical was 0.5%. 

R.A.H. 

Brickmaking at Delson. J. G. Scutty. Clay Prod. 
News, 14 [10] 4-6 (1941).—S. describes the manufacture 
of pressed and wire-cut brick at the plant of the Laprairie 


Co. at Delson, Que. G.A.K. 
Clayworking: I, Wire-cut process. Anon. Brit. Clay- 
worker, 50 [591] 34-36; [592] 51-53; [593] 64-67 (1941).— 


A discussion is presented of the equipment required in a 
small wire-cut brick plant having a capacity of 2'/, 
million brick per annum, in a medium plant with a capacity 
of 5 million brick, and in a large plant of 10 million brick 
capacity. Equipment for manufacturing hollow and solid 
brick is described briefly. R.A.H. 
Faster ey of brick. L. R. WurraKer. Brick & 
Clay Record, 98 [5] 38, 40 (1941).—By maintaining oxidiz- 
ing conditions to bring the kiln up to the maximum tem- 
perature necessary for the brick to be in a sufficiently vitre- 
ous state to take flashing, the brick may be flashed with a 
single reducing period. Alternate oxidizing and reducing 
periods tend to cool the bottom: of the kiln, thereby in- 
creasing the difficulty of flashing. The addition of salt, 
sodium nitrate, or borax to the fire facilitates flashing par- 
tially because of the surface fluxing action of the salts. 
Sodium nitrate is often mixed with manganese dioxide to 
create a sufficiently high temperature to volatilize the 
manganese compound. B.C.R. 
Low-cost paved streets in Alliance, Ohio. W. D. 
SPONSELLER. Dependable Highways, No. 172, pp. 5-8 
(1941).—The economics of the project are discussed. 
P.S.D. 
Machine for imparting scored and bark surfaces to dry- 
press brick. Joun W. Dawson. Brick & Clay Record, 
98 [2] 23-24 (1941).—D. describes the construction and 


operation of a machine for producing scored- and bark 
surfaced brick. B.C.R. 
Paving the streets of Dunkirk, N. Y. A. G. WALTER. 
Dependable Highways, No. 172, pp. 3-4 (1941).—Planning 
and construction details are given. See ‘“‘Brick...,”’ 
Ceram. Abs., 18 [1] 22 (1939). P.S.D. 
Scum elimination and the use of barium chloride. L. 
SEARSON AND S. C. Jones. Trans. Brit. Ceram. Soc., 40 
[6] 270-74 (1941).—Several factors prevented the ob- 
taining of sharply defined results in the precipitation of 
soluble sulfates in the manufacture of red brick: (1) the 
higher ratio of volume to surface in brick, as compared with 
pipes and many other stoneware articles, with the conse- 
quent longer travel of tempering water from the interior 
of the brick to the clay surface; (2) the fact that in the 
stiff-plastic process of manufacture the brick are set green 
and densely and therefore can dry through only a part of 
their surface; and (3) the need for the brick to be bone dry 
before any contact with gases from the combustion of coal 
is permitted. All suspected sources of soluble sulfates in 
plant practice were investigated, and from the data ob- 
tained the amount of barium chloride necessary to elimi- 
nate scum was calculated and added to the tempering 
water. R.A.H. 
Steel reinforced brick block pavement grouted. Mor- 
GAN P. O’Brien. Roads & Streets, 83 [12] 64-66 (1940).— 
A stee! reinforced brick block pavement 1.06 miles long 
and 22 to 33.5 ft. wide was installed near Springfield, Ill. 
The surface consists essentially of 8- x 8- x 3*/,-in. vitrified 
blocks with steel reinforcement bars placed between the 
blocks and embedded in a Portland cement grout filler. 
The longitudinal reinforcement bars are supported on lugs 
formed into the sides of the blocks. The transverse bars 
are supported upon the longitudinal rods. The blocks are 
spaced */, in. apart, allowing the mortar to flow freely and 
encase the reinforcing steel. Ungrooved portions of the 
blocks are scored to obtain a better bond. Two departures 
from standard procedure were made in the manufacture 
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of the vitrified blocks. Instead of the customary vertical 
fiber, blocks were made with the fiber running horizontally, 
to minimize edge spalling. For additional toughness under 
traffic, the upper surface of the blocks was given a wire- 
brush nonskid finish. G.A.K. 


SEPARATE PUBLICATION 


Conservation of Cement and of Clay Brick. Dept. Sci. 
Ind. Research, Wartime Bldg. Bull., No. 9. H. M. Sta- 
tionery Office, London. Price 1s.—The field of cement and 
brick economies is covered thoroughly; roads, parade 
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grounds, solid floors, mass and reinforced concrete work, 
airport runways, and walls are dealt with, alternatives 
being given where possible, and minimum ‘specifications 
are listed. The special problems of mortars, the proper- 
ties and uses of gypsum, and anhydrite and high-alumina 
cement are also discussed. The roads section contains 
useful information which will afford many economies. 
A.B.S. 


PATENT 


Masonry building structure. E. R. Wor. U. S. 
2,262,127, Nov. 11, 1941 (Jan. 5, 1939). 


Refractories 


Action of alkalis on refractory materials: XIV, Cracking 
of firebrick due to expansion effect of alkali chlorides at 
about 1000°C. F. H. Crews, H. M. RIcHARDSON, AND 
A. T. Green. Bull. Brit. Refrac. Research Assn., No. 
54, p. 1 (1940); reprinted in Rept. Refrac. Materials 
Joint Comm., 3ist Rept., Gas Research Board Pub., No. 
2/1, pp. 77-79 (March, 1941).—It was shown in the 27th 
and 28th reports (Ceram. Abs., 16 [5] 150 (1937); 17 
[2] 69 (1938)) that disruptive effects of considerable mag- 
nitude might be produced through the action of alkali chlo- 
ride vapors on refractories at high temperature. A lab- 
oratory demonstration of this disruptive effect was made. 
A small block of aluminous fire-clay material was subjected 
to the action of potassium chloride at about 1000°C., at 
the center of the top face. After 15 hr., the external por- 
tion was badly cracked through the expansion of the inte- 
rior. Actions of this kind are to be expected at tempera- 
tures high enough for severe chemical reaction between the 
chloride and the clay but not so high that marked lique- 
faction of the reaction products results. XV, Effect of im- 
pregnations of sodium and potassium salts on transverse 
strength at 1000°C. Bull. Brit. Refrac. Research Assn., 
No. 57, p. 38 (1940); reprinted in Rept. Refrac. Materials 
Joint Comm., 31st Rept., Gas Research Board Pub., No. 
2/1, pp. 79-86 (March, 1941).—The work of the 30th re- 
port was extended to include the action of sodium and 
potassium chlorides, sulfates, and carbonates on a silica 
and a fire-clay material. The action on the silica material 
involved marked decrease in strength at 1000°C. which 
was brought about by fluxing, whether by sodium or po- 
tassium salts. The fire-clay material, after reaction with 
the sodium salts, wes softened, but reaction with potas- 
sium salts caused embrittlement of the material. For 
Parts XII and XIII see Ceram. Abs., 20 [2] 45 >. 
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Action of ana on refractory materials: I, Preliminary 
experiments with typical commercial products. L. R. 
Barrett, F. H. Crews, anp A. T. Green. Bull. Brit. 
Refrac. Research Assn., No. 57, p. 1 (1940); reprinted in 
Rept. Refrac. Matzrials Joint Comm., 31st Rept., Gas Re- 
search Board Pub., No. 2/1, pp. 93-96 (March, 1941).— 
Significant amounts of chlorides, notably sodium chloride, 
in some coals raise the question of the action of chlorine 
and hydrochloric acid on refractories used in burning and 
carbonizing such coals. Under oxidizing conditions chlo- 
rine is liberated, and, in the presence of steam, hydrochloric 
acid is generated. Samples of typical commercial re- 
fractory materials were exposed to chlorine for 2 hr. at 
1000 °C. in an electrically heated silica tube furnace, and 
the losses in weight were determined. A blue brick clay 
was attacked markedly; the most heavily attacked brick 
was a plumbago brick containing carbon and silica. Silica, 
sillimanite, and aluminous fire-clay brick were attacked 
only slightly. Attack was shown to be due to the forma- 
tion of volatile chlorides of iron, magnesium, calcium, alum- 
inum, and silicon. II, ents on the action of chlorine 
on certain oxides, silicates, and spinels. F. H. CLews, 
H. M. Ricuarpson, AND A. T. Green. Bull. Brit. 
Refrac. Research Assn., No. 57, p. 7 (1940); reprinted in 
Rept. Refrac. Materials Joint Comm., 31st Rept., Gas 
Research Board Pub., No. 2/1, pp. 96-104 (March, 1941). — 
The conversion of various oxides into chlorides by the ac- 


tion of chlorine at 1000°C. was studied. In the absence 
of carbon the following order of reactivity exists: iron oxide 
> magnesia > lime > titania > zirconia > alumina > 
silica. More complex compounds containing these oxides, 
such as various silicates and spinels, are less reactive than 
the free-constituent oxides. The reaction rate is depend- 
ent on the previous thermal history and thermal treatment 
of the sample, being less for those materials which have 
been strongly calcined. III, Action of chlorine on diato- 
maceous earth. L. R. Barrett, H. M. RicHARDSON, AND 
A. T. Green. Bull. Brit. Refrac. Research Assn., No. 
57, p. 19 (1940); reprinted in Rept. Refrac. Materials 
Joint Comm., 31st Rept., Gas Research Board Pub., No. 
2/1, p. 104 (March, 1941).- -The refractoriness of a di- 
atomaceous earth insulatir., was increased from 
cone 17 to cone 27 by treatment for 10 hr. with chlorine 
at 1000°C. P.S.D. 
Action of steam and sulfur dioxide on r ma- 
terials: II, Action on fire clay at 600°C. F. H. CLews, N. 
E. Dossins, AND A. T. Green. Bull. Brit. Refrac. Re- 
search Assn., No, 57, p. 20 (1940); reprinted in Rept. 
Refrac. Materials Joint Comm., 31st Rept., Gas Research 
Board Pub., No. 2/1, pp. 104- i2 (March, 1941). —Part I 
of this series dealt with the action of atmospheres of steam, 
sulfur dioxide, oxygen, and mixtures of these gases on a 
fire-clay material at 1200°C. Changes in the physical 
properties were small. Similar experiments were carried 
out on the same fire-clay material at 600°C. for periods up 
to 220 hr. The effect of atmospheres of oxygen and steam 
at this temperature was slight, but the action of sulfur 
dioxide, sulfur dioxide and oxygen, and dissociated sul- 
furic acid caused slight contraction but marked increase 
in weight, decrease in porosity, and increase in transverse 
strength. The chemical evidence points to the formation 
of sulfates of all the bases present in the fire clay, par- 
ticularly aluminum and iron sulfates. Reheating of the 
specimens to 1000°C. in air causes almost complete de- 
composition of the sulfates and is accompanied by a slight 
permanent expansion of about the same order of magni- 
tude as the contraction takirg place when the sulfates are 
formed during the thermal treatment in contact with 
the gases. For Part I see Ceram. Abs., 20 [2] 45 (1941). 
P.S.D. 
Comparison of a products made by the plastic 
and semidry methods. . R. A. L. Rops- 
erts. Trans. Brit. Ceram. Soc., 40 [3] 76-92 (1941). 
A comparison of semidry-pressed sillimanite, siliceous, 
and fire-clay brick with similar brick made by wet-plastic 
methods showed that the former were less dense, more 
porous and permeable, and of lower mechanical strength 
than the latter. In all cases the resistance to thermal 
shock of the semidry brick was greater than that of the 
corresponding wet-plastic brick. Torsion tests showed 
that the semidry product has greater ability to accom- 
modate applied stress by “‘yielding,”’ and this factor may 
contribute to their greater thermal shock resistance. 
Measurements were made of the reduction in modulus of 
rigidity which occurred when the materials were subjected 
to a single cycle of rapid heating and cooling under con- 
trolled conditions; the loss of rigidity, expressed as a per- 
centage of the original modulus, appeared promising as a 
quantitative index of spalling tendency. R.A.H, 
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a of Missouri su poe of workers to select and loosen the material ard to place it 
Anon. Brick & y Record, 98 16) 42-44 in wagons which convey it to large modern crushers. 


(ios) —Two destructive actions in the blast furnace are 
disintegration by CO gas and fluxing by alkaline vapors. 
Hard-fired Missouri superduty brick are highly resistant 
to both of these actions and are suitable for > > aa 
Control of properties of firebrick through laboratory 
tests. Oris Evernart. Brick & Clay Record, 98 
[1] 64-65 (1941).—E. discusses the laboratory tests essen- 
tial for maintaining proper control of raw ae and 
finished product. B.C.R. 
Cooperative trial of the meintained-temperature re- 
fractoriness-under-load test. SpreciricaTions Sus-Com- 
MITTEE, REFRACTORY MATERIALS JOINT COMMITTEE OF 
Gas RESEARCH BOARD AND BRITISH REFRACTORIES RE- 
SEARCH Assn. Bull. Brit. Refrac. Research Assn., No. 55, 
p. 116 (1940); reprinted in Rept. Refrac. Materials Joint 
Comm., 31st Rept., Gas Research eg Pub., No. 2/1, pp. 
119-27 (March, 1941) .—Specimens of five from 
each of two brands of siliceous brick were tested in five 
laboratories. A temperature of 1300°C. was maintained 
for 3 hr., and a load of 28 Ib. per sq. in. was used. Deforma- 
tion of the specimens was determined by caliper measure- 
ments before and after the test. With the first brand of 
brick, results varied from 0.48% to 0, and with the second, 
from 1.50% to 0. It was not certain whether the vari- 
ability in results could be ascribed to lack of uniformity in 
the brick or to variations in working in the different labor- 
atories. A second test was therefore undertaken using 
samples obtained from a single block of fire clay contain- 
ing a high percentage of grog. The test procedure was the 
same, except that pyrometric cones were used in addition 
to compare the uniformity and degree of heat work per- 
formed on the specimens. The results for the percentage 
deformation varied from 3.02 to 0.67, and the cone indi- 
cations varied from 13%/, to 105/s. A relation between the 
observed deformation and the degree of heat work became 
apparent. It was concluded that the test material was 
sensitive to variations in thermal treatment at about 1300° 
C. and that a small lack of concordance between the py- 
rometers used in the different laboratories could account 
for the variations in results. It is evident that in its pres- 
ent form the maintained-temperature _refractoriness- 
under-load test is unsuitable for general use. P.S.D. 
Custom-made kiln car refractories improve heat dis- 
tribution in ware. ANon. Ceram. Ind., 37 [4] 49-50 
(1941).—Knox Porcelain Corp., Knoxville, Tenn., makes 
support posts and perforated slabs of kyanite and china 
clay to supplement standard sizes of kiln furniture and to 
allow dense ware setting on tunnel-kiln cars. A layout 
diagram of the plant is given. Illustrated. H.T. 
Determination of the thermal conductivity of refractory 
materials. Ezer GrirrirHs AND A. R. CHALLONER. 
Trans. Brit. Ceram. Soc., 40 [2] 40-53 (1941).—Two types 
of apparatus are described which cover a range of hot-face 
temperatures of the materials under test of 400° to 1600°C. 
In one apparatus a specimen 18 in. square is used, built up 
of standard-size brick. The heat transmitted through 
the specimen is measured by a water-flow calorimeter. 
The maximum temperature for this apparatus is about 
1000°C. In the other apparatus a specimen in the form of 
a disk 8 in. in diameter and 1 in. in thickness is used. The 
disk forms the top of a muffle furnace. A block of steel of 
known conductivity rests on the specimen, and the heat 
transmitted is obtained from the temperature gradient 
and the known thermal conductivity of the steel. The 
maximum hot-face temperature attainable with this ap- 
paratus is about 1600°C. Measurements made on fire-clay 
and silica refractories with the two forms of apparatus have 
given results in good sarees. R.A.H. 
Development of the _— spalling test. Ear. C. 
Petrie. Brick & Clay Record, 98 ont 61-62 (1941). 
B.C.R. 


Dolomite working under primitive conditions. A. G. 
AREND. Chem. Age [London], 45 [1159] 143-44 (1941)._— 
The most advantageous method of quarrying dolomite in 
a primitive tropical country is the use of a large number 
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Large masses may be lifted by a crane and placed directly 
in the mouth of a 7- x 5-ft. jaw crusher, mounted well 
above a storage space to allow for great variations in the 
rate of primary crushing, which may average 800 tons per 
hr. Secondary crushing, down to '/:-in. cubes, is effected 
in other jaw crushers. The dolomite is calcined in a cupola 
which is fed with coke and dolomite in alternate layers or, 
preferably, heated by producer gas. The calcined dolomite 
is crushed to '/;-in. cubes and is then ready for use in fur- 
nace bottoms. Dolomite is chiefly used for lining basic 
open-hearth furnaces, basic Bessemer converters, and elec- 
tric furnaces; it is also used for lining refining hearths in 
nickel, copper, and antimony smelting and for repair 
work. A.B.S. 
Effect of hydrocarbon gases on refractory materials: 
VIII, Further study of action of methane on refractory ma- 
terials. E. Rowpen. Bull. Brit. Refrac. Research Assn. 
No. 57, p. 30 (1940); reprinted in y> Refrac. Materials 
Joint Comm., 31st Rept., Gas Research Board Pub., No. 2/1, 
pp. 87-93 (March, 1941). —It is demonstrated that the 
minimum temperature at which susceptible firebrick are 
attacked by pure dry methane is between 600° and 700°C., 
and that the presence of moisture in the methane may 
considerably imcrease the resistance of firebrick to dis- 
integration at 800°C. This is to be compared with the ob- 
servations of the 28th and 30th reports, in which it was 
found that town gas, with its normal content of carbon 
dioxide and methane, does not exert a disintegration ac- 
tion on susceptible firebrick at 800°C., although removal 
of the carbon dioxide leads to disruption through the de- 
composition of the methane at the activated “‘iron spots” 
of the firebrick according to the reaction CH, = C + 2Hp. 
Further work discloses that the resistance of firebrick to 
disintegration by pure dry methane is dependent on their 
thermal history. A normally susceptible firebrick was 
rendered inert by refiring to 1300° or 1400°C. in a reducing 
atmosphere for several hours. For Part VII see Ceram. 
Abs., 20 [2] 45 (1941). P.S.D. 
Evaluation of properties of high-temperature insulating 
materials: I, Testing methods. L. R. Barrett, F. H. 
C.Lews, AND A. T. Green. Bull. Brit. Refrac. Research 
Assn., No. 55, p. 67 (1940); reprinted in Rept. Refrac. Ma- 
terials Joint Comm., 31st Rept., Gas Research Board Pub., 
No. 2/1, pp. 45-59 (March, 1941).—The requisite proper- 
ties of high-temperature insulating materials are thermal 
conductivity and thermal capacity, permanence of shape 
and structure under working conditions, and mechanical 
properties at ordinary temperatures. The following 
British tests are important: (1) thermal conductivity, 
(2) refractoriness, (3) contraction on reheating, (4) refrac- 
toriness under load, (5) spalling resistance, (6) cutting 
action of flames and hot corrosive particles, (7) mechanical 
properties at ordinary temperatures, and (8) resistance to 
carbon monoxide attack. These tests are described, and 
their adequacy is discussed. The testing of insulating 
powders, granules, cement, and concrete is also described. 
II, Tests on commercial insulating brick. L. R. BARRETT, 
W. F.. Forp, anp A. T. Green. Bull. Brit. Refrac. Re- 
search Assn., No. 57, p. 95 (1940); reprinted in Rept. Re- 
31st Rept., Gas Research 
Board Pub., No. 2/1, pp. 59-74 (March, 1941).—Certain 
aspects of testing are examined with particular reference 
to results obtained on representative insulating materials. 
A static load of 10 lb. per sq. in. produces subsidence equal 
to the shrinkage on reheating at a temperature about 
150° to 200°C. lower, when the amounts are of the order 
of several per cent. Temperature of failure in tension is 
considerably lowez than that in compression. Bulk den- 
sity is an important factor in determining resistance to 
load and to slag attack at high temperatures. Slag attack 
is aggravated by the opening of joints in brickwork struc- 
tures due to shrinkage on heating. To obtain a representa- 
tive value for the contraction on reheating, several brick 
are needed, and test pieces cut from them must be meas- 
ured in three directions at right angles to each other. The 
dependence of crushing strength on temperature and the 


4 


1942 


effect of size of the test piece on the cold crushing strength 
were investigated, and results are reported. P.S.D. 
Influence of surface color of refractory bodies on rate of 
heating and cooling. L. R. Barrett, J. F. Clements, 
anp A. T. Green. Bull. Brit. Refrac. et Assn., 
No. 57, p. 53 (1940); reprinted in . Refrac. Materials 
Joint Comm., 31st Repi., Gas Research oard Pub., No. 2/1, 
pp. 74-77 (March, 1941).—The rate of ‘temperature rise 
at the center of a cold refractory cylinder heated by inser- 
tion into a furnace at 1000°C. is influenced by the surface 
color of the cylinder. The rate of cooling of the cylinder 
when withdrawn from the furnace is less dependent on the 
surface color. The colors fall in the order black, brown, 
white, and yellow for both heating and cooling effects, 
black producing the fastest heating rate and cooling rate 
and yellow the slowest. A colorless glaze decreases the 
rate of keating slightly and then increases it. A glazed 
china-clay surface allows more rapid cooling than the same 
ace when ung P.S.D. 
Influence of zinc oxide on the corrosiveness of checker 
J. H. Cuesters T. W. Howie. Trans. Brit. 
Ceram. Soc., 40 [2] 33-39 (1941).—Zinc oxide is often pres- 
ent in appreciable quantities in the checker dust of basic 
open-hearth furnaces. Melting-point diagrams are given 
of ternary mixtures of silica brick, synthetic checker dust, 
and zinc oxide and of china clay, synthetic checker dust, 
and zinc dust, which show that much more fluid melts 
may be expected from silica brick than from fire-clay brick 
when zinc oxide is present in the dust. This is confirmed 
by works trials, and the use of high Al,O; brick for the upper 
portion of checkerwork is therefore recommended if high 
concentrations of zinc oxide are expected. R.A.H. 
Losses in large shapes reduced by proper drying and 
> ANON. Brick & Clay Record, 98 [6] 44, 46 
(1941).—Breakage of large refractory shapes may be 
caused by a too rapid drying rate. The practice of setting 
the shapes on paper or sand to permit creep along the floor 
during drying was ineffective. Drying cracks were elimi- 
nated entirely by setting the shapes on a carriage whose 
framework consisted of telescoped brass pipes, across which 
pallets were laid. As the drying shrinkage occurs, move- 
ment of the pallets is permitted by the sliding of one brass 
pipe over the other. Drying of large and small shapes on 
separate floors to permit a definite drying schedule is recom- 
mended. In firing the kilns, more frequent and smaller 
additions of fuel are preferable to large additions at greater 
intervals, as a more even firing rate may be obtained. 


B.C.R. 
Modern mded arches. ANON. Eng. & Boiler 
House Rev., 55 |2| 68 (1941).—In Liptak double suspended 


arch construction, use is made of a double thickness of 
suspended refractory material, the second being sus- 
pended from the first, having interlocking and staggered 
joints. This type of construction is particularly suited for 
both front and rear arches designed for use with traveling 
grate stokers and for arches of great length and width 
subjected to severe conditions. See “Suspended. 
Ceram. Abs., 20 [i] 191 (1941). B.C.R. 
New process purifies aluminum from alunite. ANon. 
Science News Letter, 40 [1] 3 (1941).—The Kalunite proc- 
ess produces alumina from alunite by the dilute sulfuric 
acid process at a cost of $35 a ton. G.A.K. 
Practical application of grain sizing and notes on its 
relation to pressing practice. J. CuNLIFFE. Ceram. Age, 
37 [4] 128-29 (1941).—C. discusses the effects of grain 
sizing on the following characteristics of dry-pressed refrac- 
tories: (1) density, (2) spalling, (3) strength under load 
at high temperatures, (4) service temperature (the highest 
temperature at which the refractory may be used for long 
periods), and (5) reheat shrinkage. New developments 
in the dry-pressing of refractories are also discussed ~y “ty 
Progress report of other work of interest to oon engi- 
neers. ANON. Rept. Refrac. Materials Joint Comm., 
3ist Repi., Gas Research Board Pub., No. 2/1, pp. i28-30 
(March, 1941).—A short report of work progress on the 
following subjects is given: (1) temperature gradients in 
a coke grate-back, (2) insulating firebrick from frothed 
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fire clay, (3) rapid method of thermal-conductivity meas- 
urement on refractories, (4) action of steam and sulfur 
dioxide on refractory materials, (5) jointing cements, (6) 
action of slags on refractory materials, and (7) examination 
P.S.D 


of retorts. S.D. 
refractories bonded with Lumnite cement. 
G. AND J.L. Horrman. Bull. Amer. 
Soc., 20 [10] 336-38 (1941).—2 references, 7 fi 
Rapid method of the resistance o seivastery 
materials to disintegration by carbon monoxide. F. H. 
Ciews, H. M. RICHARDSON, E. Dopsins, AND G. R. 
Ricsy. Bull. Brit. Refrac. Research Assn., No. 57, p. 46 
(1940); reprinted in Rept. Refrac. Materials Joint Comm., 
31st Rept., Gas Research Board Pub., No. 2/1, pp. 113-19 
(March, 1941).—A rapid method of assessing the resistance 
of materials to disintegration by carbon monoxide would 
be of immediate service in the selection of refractories for 
plants where exposure to carbon monoxide at temperatures 
ranging from 350° to 650°C. is involved, because the method 
now in use requires the exposure of specimens to the ac- 
tion of the gas for periods up to 200 hr. The new method 
described depends upon the passage of carbon monoxide 
saturated with water vapor at room temperature at a rate 
of 1 liter per hr. over 75 gm. of crushed sample (—8 mesh) 
contained in a fused silica tube at 450°C.; the carbon di- 
oxide produced is then weighed. If the increase in weight 
of the alkali absorption bottles during the 4-hr. period con- 
mencing 30 min. after the temperature of 450°C. has been 
reached exceeds 0.1 gm. or 0.13% of the weight of the 
sample, the product should be regarded as liable to disin- 
tegration by carbon monoxide. P.S.D. 
Refractory insulating materials: I, Preliminary work on 
dry-pressed grogged-clay insulating brick. L. R. Bar- 
RETT, J. F. CLemMents, AND A. T. Green. Bull. Brit. 
Refrac. Research Assn., No. 57, p. 57 (1940); reprinted 
in Rept. Refrac. Materials Joint Comm., 31st Rept., Gas 
Research Board Pub., No. 2/1, pp. 11-23 (March, 1941).— 
The method of dry-pressing a mix containing a fairly high 
percentage of porous grog would offer a number of ad- 
vantages to the manufacturer of insulating materials. 
Fired brick would be truer to shape and firing would pre- 
sent fewer difficulties so that higher firing temperatures 
could be used. The properties of porous grog produced 
from pulverized coal-clay mixtures with various additions 
and types of clay are reported. The proportion of coal, 
the firing temperature, and the grain size of the clay are 
important factors. For high-temperature stability, hard 
firing is required; with finely ground clay, it gives a good 
cold crushing strength but a rather high bulk density. At 
lower firing temperatures, more coal can usefully be intro- 
duced to give a lower bulk density. Trials were made in 
which porous grog was bonded with additional clay and 
coal, shaped, and firéd at 1400°C. In molding, much de- 
pends on the method (hand molding or machine pressing). 
For hand-molded bodies prepared with various proportions 
of porous grog and a clay bond containing 40% pulverized 
coal, bulk density and cold crushing strength decrease 
with increasing grog content. The opposite is the case with 
machine pressing. A comparison shows that the texture 
of the experimental bodies is 1 De than that of typical com- 
mercial insulating brick. essed grogged-clay 
brick with a slag-resistant Sond ull. Brit. Refrac. Re- 
search Assn., No. 57, p. 71 (1940); reprinted in Rept. 
Refrac. Materials Joint Comm., 31st Rept., Gas Research 
Board Pub., No. 2/1, pp. 23-37 (March, 1941).—Condi- 
tions governing the design of a dense-faced insulating brick 
are discussed and outlined. By developing the process 
described in Part I, full-size refractory insulating brick 
having a relatively dense and slag-resisting face backed by 
porous insulating material were produced. The two zoues 
were molded in one piece by the dry-press method, using 
as raw materials a fire clay and both dense and porous 
grog made from it. Tests show that the slag resistance, 
shrinkage on reheat, refractoriness under load, and cold 
crushing strength are superior to those of existing insulat- 
ing firebrick. The spalling resistance and permeability are 
better than average for the newly developed product. 
These experimental brick have about half the heat capacity 


and transmission of normal firebrick and about one and 


F. Forp, ano A. T. Green. Bull. Brit. Refrac. Re- 
search Assn., No. 57, p. 86 (1940); reprinted in Rept. 
Refrac. Materials Joint Comm., 31st Rept., Gas Research 
Board Pub., No. 2/1, pp. 37-44 (March, 1941).—A mix- 
ture of 45 porous grog, 33 clay, and 22% pulverized coal 
was pressed at 0.2, 1, 2, and 4 tons per sq..in. and fired at 
1350°C. Specimens were tested for permeability, appar- 
ent porosity, bulk density, and cold crushing strength. 
The various properties examined changed roughly in pro- 
portion to the distance from tie face receiving the pressure; 
thus, in a pressed brick there is a median layer of less com- 
pact texture than the surface. With increased forming 
pressure, firing shrinkage increased, apparent porosity and 
permeability decreased, and bulk density and cold crushing 
strength increased. The greatest alterations occur at the 


Trade & Eng., 49 (927] 22 (1941).—The managing director 
of General Refractories, Ltd., states that the nature of the 
raw materials imported from. abroad for basic brick varies 
considerably from that of the usual supplies, but that the 
research and technical departments have effected the neces- 
sary adjustments in manufacturing processes and so far it 
has been possible to satisfy the demand of the steel and 
nonferrous industries for a maintained high standard of 
production. In spite of the heavy demands made upon 
manufacturing resources, several new and interesting re- 
fractory products have been developed. A.B:S. 

Research and refractory materials, 1939. F.H.CLews 
AND A. T. GREEN. Bull. Brit. Refrac. Research Assn., No. 
55, p. 1 (1940); abstracted in Rept. Refrac. Materials 
Joint Comm., 31st Rept., Gas Research Board Pub., No. 2/1, 
p. 127 (March, 1941). P.S.D. 

Secon expansion of high-alumina refractories. 
James L. Hatt. Jour. Amer. Ceram. Soc., 24 [11] 349-56 
(1941).—9 references, 11 figures. 

Silicon carbide and its use as a refractory material. 
A. C. Lea. Trans. Brit. Ceram. Soc., 40 |4] 93-118 
(1941).—L. reviews the literature covering manufacture, 

181 references. .H, 


il, relationshi and the 
constitution of molten slags and glasses. Jbid., pp. 205- 
29. III, Relation between the viscosity of slags and their 
attack on ‘refractory materials. J. R. Rarr anp A. T. 
Green. Ibid., [6] 231-69; see “Relation ... ,”’ Ceram. 
Abs., 20 [2] 47 (1941); ‘“‘Viscosity...,” ibid., [9] 311 
(1938) ; 18 [9] 258 (1939). R.A.H. 
Zinc retorts. Louis M. Ricnarp. Brick & Clay 
Record, 98 {i} 60-61 (1941).—Improvements in clay re- 
torts for zinc distillation can be made by (1) use of a more 
uniformly grained clay, (2) elimination of clays containing 
pyrite or other impurities, (3) use of clays of higher silica 
and lower alumina content, (4) finer grinding of clay, (5) 
dampening of grog, (6) slower drying, and (7) addition of 
silica to the mix as a siliceous clay rather than as free 
silica. Proper blending of Missouri clays having a P.C.E. 
of 33'/, has given retorts of improved life. B.C.R. 
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Aluminous material purification. M. E. Norpserc 
(Corning Glass Works). Can. 399,170, Sept. 9, 1941 
(Jan. 31, 1938; in U. S. March 16, 1937). G.M.H. 


Bonding of refractory material. O. G. BENNETT AND 
1080). Bercer. Brit. 539,474, Sept. 24, 1941 (April 18, 


Checkerwork. H. W. Watters. U. S. 2,259,913, Oct. 
21, 1941 (July 5, 1940). 

Clay . J. D. Morcan i Service Oil Co. ). 
U. S. 2,261,400, Nov. 4, 1941 (July 30, 1938).—The 
method of bonding clay particles to form a refractory body 
comprises mixing ground clay with 4 to 6 parts by weight 
of phosphoric and 1 to 2 parts chromic acids, digesting the 
mixture, drying the digested mass, bringing it to the de- 
sired consistency for molding, molding it into the desired 
shapes, and heating the shapes to a temperature of about 


600°F. 
Magnesia-lime-silica refractory. G. E. Sem (E. J. 
Lavino & Co.). U.S. 2,256,795, Sept. 23, 1941 (Feb. 6, 


1941).—The process of making refractory material com- 
prises treating separately two batches of magnesia-lime 
and silica starting materials, heating each batch to yield a 
clinker comprising at least periclase plus calcium ortho- 
silicate from one batch and a clinker from the other batch 
comprising at least periclase plus monticellite, mixing 
proportions of each batch of clinker so that in the mixture 
there is the desired percentage of periclase, calcium ortho- 
silicate, and monticellite desired for service purposes, and 
firing the mixture. 

Manufacture of brick, etc., for heat and sound insulation. 
A. ZrereR. Brit. 538,876, Sept. 3, 1941 (Feb. 15, 1940). 

Manufacture of firebrick. Soc. ANON. pgs Havuts- 
FOURNEAUX DE LA CHrIERS. Brit. 539,263, Sept. 17, 1941 
(Nov. 22, 1938). 

Producing cast refractory articles. T. E. Freip (Cor- 
hart Refractories Co.). U. S. 2,257,737, Oct. 7, 1941 
(April 29, 1939). 

Production of cast refractories. H. T. Smyrx (Corhart 
iio Co.). U.S. 2,257,136, Sept. 30, 1941 (Dec. 

Refractory insulating material and method of making. 
Louis Krriecer (General Electric Co.). U. S. 2,260,035, 
Oct. 21, 1941 (Oct. 6, 1939).—A refractory insulating ma- 
terial comprises the heat-reaction product of a mixture of 
natural steatite and magnesium, the magnesium being 
present in an amount approximating but not exceeding 
substantially the amount calculated as necessary to react 
completely with the water present in the steatite. 

Refractory linings for pipes or other conduits or narrow 
chambers. H. pa Costa AND Pressey Co., Ltp. Brit. 
538,960, Sept. 3, 1941 (Feb. 21, 1940). 

Refractory material. FRANK Turow (Metro-Nite Co.). 
U. S. 2,259,844, Oct. 21, 1941 (June 15, 1939).—A re- 
fractory composition including in mixed relationship sub- 
stantially equal parts of a rare form of dolomite and pul- 
verulent fire clay, the dolomite having a very high con- 
tent of both silica and magnesia and a low lime content, 
the latter being neutralized by the silica and magnesium 
to prevent the formation of carbon dioxide gas. 

Refractory material such as high-temperature insulation 
brick for furnace lini etc. L.R. J. Lucas. Brit. 539,- 
957, Oct. 15, 1941 (April 25, 1940). 

Rotary kiln lining. C. J. Scovron (American Steel and 
Wire Co.). U.S. 2,258,518, Oct. 7, 1941 (Jan. 11, 1940). 

Silica removal from clay. Epvuarp ZINTL, WILHELM 
BRAUNING, AND WALTER Krinocs (I. G. Farbenindustrie 
A.-G.). Can. 399,416, Sept. 16, 1941 (May 30, 1939). 

G.M.H. 


Terra Cotta 


Ceramic products used in construction, finishing, and 
ornamentation. ERMANNO PaLumMBO. Ceramica, 3 [3] 
111-16 (1941).—Raw materials used in the preparation of 
ceramic products for building and decorating purposes can 
be classified into five groups with regard to their essential 


functional properties: (1) clays and kaolins, which are in- 
dispensable for the plasticity of the paste; (2) quartz in 
granular form (sand, grog, etc.), which has an antiplastic 
or leaning function; (3) feldspar, mica, calcareous com- 
pounds, fluorite, calcium phosphate, etc., which are used 


16 
Orn Lillies Des msuiatling i LA 
Viscosity of slags and glasses: I, Methods of measuring 
the viscosity of molten silicates. J. R. Rarr. Bull. 
Brit. Research Assn., No. 50 | 1939); re- 


1942 


as fluxes or to lower the fusing pelts of the paste; (4) 
boric acid, borates, lead compounds, sodium chloride, etc., 
which, combined with feldspar, kaolins, or siliceous sand, 
form glazes or enamels; and (5) metallic oxides (antimony, 
arsenic, cobalt, chrome, i iron, manganese, nickel, lead, cop- 
per, tin, and zinc), used for coloring or en- 
amels, glazes, etc. The physical properties of the most im- 
portant raw materials are given. The following ceramic 
materials are characterized briefly: brick, ordinary and 
fine terra cotta, and refractory material (acid silica t brick, 
neutral refractory clays, and basic magnesia clay); finer 
glazed terra cotta and faience; and artware, whiteware, 
faience, majolica, vitreous majolica, ordinary and fine 
stoneware, porcelain, and bisque. Ceramic building ma- 
terials must have a high stability toward chemical, phys- 
ical, and mechanical agents, minimum porosity, and 
esthetic appeal such as regularity of form and must be as 
inexpensive as possible. M.V.C. 
Chemical stoneware vessels. ANon. Chem. Age 
[London], 44 [1148] 366 (1941).—Stoneware is finding 
ever-increasing applications. Despite the discovery of new 
metals, alloys, and synthetic materials, chemical stoneware 
is in greater demand in Great Britain than ever before, and 
its use is even more extensive on the Continent and in 
the U. S. The two main reasons for this are as follows: 
(1) no other feasible material has the all-round resistance 
of stoneware to acids and other corrosive liquids; and 
(2) the last few decades have seen remarkable improve- 
ments in the physical properties of stoneware. The re- 
sistance to high temperatures and the thermal conductivity 
have recently been greatly increased, and while it is 
not yet possible to heat vessels of this material with a 
naked flame, jacketed pans and agitators are successfully 
employed. Chemical stoneware is a highly vitrified dense 
substance. It resists the action of all acids and corrosives 
except hydrofluoric acid and hot strong caustic alkalis. 
The variety of processes which may be utilized in its manu- 
facture make it possible to produce vessels and equipment 
of almost any required shape, with capacities which may 
range from under one ounce to several hundred gallons. 
As, at the present time, it is essential to employ to the 
greatest possible extent equipment made from native 
raw materials not exclusively required for the production 
of armaments, every possible opportunity should be taken 
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to utilize stoneware equipment particularly for corrosive 
liquids and in the manufscture of foodstuffs, essences, 
pharmaceutical products, cosmetics, paper, textiles, and 
many chemicals. Owing to its resistance to heat and to 
its nonabsorbent t rcs even when unglazed, stoneware 
is excellent for the storage of sterile products, as it ma 
autoclaved or otherwise sterilized without difficulty. — 
tainers for liquids may be sealed by means of corks, screwed 
stoppers (up to3'/; in. in diameter), ground plugs, or ground 
covers held by metal clamps. In some cases, a rubber clo- 
sure is used. Rectangular tanks are made in capacities of 
200 to 300 gal. or more. For bulk transport, it is a com- 
mon practice on the European continent to use trucks 
fitted with stoneware jars of about 2000 liters capacity 
each, but this method has not yet been adopted in Eng- 
land. For solid or semisolid products, wide-mouthed con- 
tainers with or without stoneware covers are available. 
These are particularly suitable for ointments, dry drugs, 
preserves, food pastes, etc., and are used in many shapes 
and capacities. For foodstuffs and drugs, where even the 
least interaction between the product and the container 
would be deleterious, stoneware is an ideal material be- 
cause of its chemical inertness; the smooth glazed surface 
is easily cleaned, and the body is nonabsorbent. Another 
advantage, of special value at the present time, is that al- 
most any type of equipment which can be made in metal 
can be duplicated in stoneware, subject to those modifice - 
tions called for by the physical characteristics of the latter 
material. A.B.S. 
Manufacturing clay tile. P. J. Swarm. Can. Chem. & 
Process Industries, 24 [9] 443-44 (1940).—Glazes, prepara- 
tion of the body, and biscuit and glost firing are described. 


B.L. 
PATENTS 
Means for roofing tile, etc. H. A. Hine anp 
W. Scuarer. Brit. 539,567, Oct. 1, 1941 (May 7, 1940). 


Method and machine for making roofing tile. A. C. 
Hartiey. U. S. 2,258,553, Oct. 7, 1941 (Oct. 19, 1940). 

Nonslip brick. W. T. MonTAGUE (Norton Co. . UV.S. 
2,262,618, Nov. 11, 1941 (Feb. 14, 1939).—A brick made 
of vitrified red brick clay and having its surface modified 
by an inclusion of between 10 and 40% of fused alumina 
abrasive grains in the surface area measured by volume. 


Whiteware 


Better plaster molds cut whiteware casting costs by 
one-third. F. H. Bamsy. Ceram. Ind., 37 [4] 56-58 
(1941).—B. discusses present-day mold shop practice from 
a practical viewpoint. H.T. 

in porcelain factories. ANon. Keram. Rund- 
schau, 48 [13] 110-11; [15] 128-30 (1940).—A brief his- 
torical sketch of the casting methods used in porcelain works 
is given. The soda casting process is fairly old, and the 
inventor is unknown. Soda causes liquefaction. The 
slip contains 85 to 60% solid substance and 15 to 40% 
water. The liquefaction of clays and kaolins is considered 
to be an electrolytic process; the clay molecule is a nega- 
tively charged acid residue and can be discharged by posi- 
tive clays, especially by higher valent cations such as 
Ca++, Al++*+, Fe*+**, etc. Liquefaction is a neutralization 
process in which the neutralization point represents the 
optimum liquefaction. In this state, the slip can be cast 
or poured smoothly and without breaking. The viscosity 
of clay suspensions is strongly influenced by the presence 
of certain parti; adsorbed ions which can be washed out 
with distilled water; this also changes the physical prop- 
erties. Besides soda, other liquefying agents with some- 
times even better qualities are used. Water glass gives 
a denser body than soda; it is hard and tough and can be 
handled better. The surface is very smooth. Soda and 
water glass are often used together to combine their good 
properties. In American porcelain works, sodium alumi- 
nate is preferably used as liquefier; NaOH and KOH 
are seldom used. Organic substances, e.g., lignin, peat, 
lignite, humic acid, and tannic acid, are excellent lique- 


fiers; they act as protective colloids and prevent premature 
loosening. Clays with a large amount of organic substance 
can be easily lixiviated and give a thin slip, while clays with 
little organic substance give a thicker slip. A very hard 
casting slip is obtained with sodium tannate. Water can 
also act as liquefier but should be used hot to lessen the 
tendency to form pores in the casting. Slips are slightly 
alkaline, and the pH lies between 7.5 and 8.5 or sometimes 
9. There is no definite relation between the pH value and 
viscosity, but the pH can be used as a check in a definite 
mass with a definite electrolyte. An important property 
of every slip is the velocity with which its solid constit 
uents are adsorbed by the gypsum mold; a slip should 
be so composed that a definite favorable adsorption ve- 
locity is obtained even though the viscosity may thus be 
increased. Casting practices for thick- and thin-walled 
Pieces are discussed. M.H. 
Control testing in whiteware manufacture. RoLANpD 
V. Tamtpy. Ceram. Age, 37 [2] 37-38 (1941).—Control 
tests on raw materials and finished products are outlined 
briefly. F.G.H. 
press used for complex electrical insulators. R. A. 
Snyper. Ceram. Age, 37 [5] 149-51 (1941).—Electrical 
porcelains are produced in an extremely wide range of 
shapes and sizes, but the entire production falls into two 
well-defined classes, viz., wet process and dry process. 
Wet-process porcelain, as the name implies, is formed by 
casting or working in the plastic state and is so com- 
pounded and fired as to be compietely vitrified. It is ab- 
solutely nonabsorptive and is well suited for insulation 
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against high voltages. Dry-press porcelain, while dense 
and strong, is inherently slightly absorptive and is suited 
only for low-voltage applications (up to 440 volts). New 
ts in the production of dry-press porcelain in- 
clude the adoption of the ‘“‘dry mixing’”’ method of body 
preparation and the use of mechanical presses in place of 
screw presses. Illustrated. See 
mixing ...,”” Bull. Amer. Ceram. Soc., 19 
“Prestite . ” this page. G.H. 

Effect of glaze film on properties of 
W. C. Bett ann J. H. Koenic. Jour. Amer. Ceram. Soc., 
24 [11] 341-48 (1941).—7 references, 11 figures. 

How American potters can maintain their in the 
domestic market. F. H. Rueap. Ceram. Ind., 37 [5] 
58-61 (1941).—R. suggests that American potters keep up 
creative development by maintaining four organiza 
groups, viz., practical potters, technical research men, 
artists, and "mechanical engineers. See “Winning... ,” 
Ceram. Abs., 20 [6] 138 (1941). H.T. 

Manufacturing properties and structures of hard por- 

O. Krause. Presented before Chemiedoz. 
Mitell- & Ostdeut., Jena, July, 1939. Abstracted in 
Angew. Chem., 52 [31] 518 (1939).—Investigations of the 
effects of firing conditions on the properties of hard por- 
celains show that they do not increase the mechanical 
strength. By the use of definite particle sizes of quartz, 
the strength is increased about 30%. The glassy matrix 
has been assigned the Seger formula K,0-Al,0,;°16 to 
19SiO,. See “Relationships... Ceram. Abs., 


(1938). .L.G. 
Methods of overcoming crazing on glazod ceramic prod- 
ucts. H. G. Scnurecat. Ceram. Ind., 37 [2] 44-49 


(1941).—Methods of overcoming crazing or shivering of 
glazes are summarized in tabular form, and literature refer- 
ences are given. H.T 
Plasticity of clays. ANon. Chem. Age [London], ‘45 
{1157} 118 (1941).—Changes in the plastic properties of 
clays cause blemishes in ware which can be eliminated by 


preventing such changes. See ‘“Rheology... ,” 
p. 24. .B.S. 
Prestite porcelain made by improved “wet-dry” method. 


E. H. Fiscner. Ceram. Ind., 37 [5] 62-64 (1941).— 
Prestite is a nonporous electrical porcelain, pressed in metal 
dies with hydraulic pressure. The material is manufac- 
tured by Westinghouse. Its properties are similar to those 
of wet-process high-tension porcelain. Illustrated. See 
“Dry press... ,” this issue, p. 17. H.T. 
Sanitary vitreous china. F. Smvcer. Trans. Brit. 
Ceram. Soc., 40 [4] 119-56 (1941).—S. discusses vitreous 
china and reviews the literature. R.A.H. 
Sillimanite in spark Anon. Can. Chem. & 
Process Industries, 24 [8] 392-93 (1940).—The ae of 
manufacture is described. Illustrated. B.L. 
Work of the Committee of Exchange Raw Materials in 
the ceramic industry. H.LeHMANN. Presented at meet- 
ing of Deutsche Keramische Gesellschaft, Meissen, Oct., 
1939. Abstracted in Angew. Chem., 53 [5-6] 66 (1940).— 
Pb- and B-free glazes rich in alkali are prepared with the 
alkali silicates Na,O-3.35SiO, and K,0-3.8SiO, as start- 
ing materials to avoid sulfates. MgO is desirable to pre- 
vent crazing; more satisfactory results are obtained with 
BaO if ZnO is also introduced into the composition. Ow- 
ing to their toxicity, barium compounds are always fritted. 
R.L.G 


SEPARATE PUBLICATION 


Porcelain and Toughened Glass Insulators for Overhead 
Power Lines. British Standard Specification No. 937— 
1941. British Standards Inst., London. Price 2s.— 
This specification applies to porcelain or toughened glass 
insulators for overhead power lines at standard voltages 
of 3.3 kv. and over. Definitions of pin iusulators, line post 


insulators, string insulator unit, suspension insulator string, 
and tension insulator string are included. Porcelain in- 
sulators shall be free from defects, vitrified, smoothly 
glazed, and brown in color (unless otherwise specified). 
The glaze (which shall not be depended upon for insulation) 
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must cover all exposed parts of the insulator. Stresses 
due to expansion or contraction must not lead to destruc- 
tion. The porcelain shall not engage directly with hard 
metal. Cement, if used, must be suitable and properly 
applied. Standard insulators must withstand the following 
maximum working loads: pin insulators, 400 and 800 Ib., 
applied transversely; suspension and tension insulators, 
1500, 3000, 4000, 6000, and 8000 Ih., applied axially. The 
dimensions of ball and socket connections of string in- 
sulators are specified. All ferrous metal parts shall be 
smoothly and continuously galvanized with zinc spelter. 
Every insulator must bear the name or trade mark of the 
manufacturer and the month and year of manufacture. 
A table showing the rating numbers and associated test 
voltages is included. The rating number is the number of 
kilovolts used in the 1-min. rain test. The tests (on sam- 
ples) specified are as follows: (1) flashover tests (dry and 
rain), (2) 1-min. voltage test (dry and rain), (3) tempera- 
ture-cycle test, (4) mechanical test, (5) electromechanical 
test, (6) puncture test, and (7) porosity test. The routine 
tests (on all insulators) specified are (8) a flashover test 
applied for 5 min. while the insulator is immersed in water, 
and (9) a mechanical load test 20% in excess of the maxi- 
mum specified working load applied for 1 min. Tough- 
ened glass insulators must pass most of the tests used for 
porcelain and must also pass two thermal shock tests. 
Line insulators shall be selected in accordance with a table 
showing the working voltage of the electrical system and 
the rationing number. Special characteristics are required 
of insulators exposed to polluted atmospheres. 14 illus- 
trations. A.B.S. 
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Apparatus for making pottery ware. W. J. MILLER. 
U. S. 2,258,658, Oct. 14, 1941 (July 15, 1938). 

Bushing insulator. H. L. Rorpen (Ohio Brass Co.). 
U. S. 2,257,652, Sept. 30, 1941 (Dec. 16, 1939). 

Ceramic composition. B.C. Burcess anp J. E. Boyp, 
Jr. (Feldspathic Research Corp.). U.S. 2,260,000, Oct. 
21, 1941 (April 16, 1938).—A ceramic flux composition 
less vitreous than glass consists of a mixture of potash-soda 
bearing aluminum silicate minerals and 10 to 60% spodu- 
mene. 

Ceramic composition for use as an electrical insulator. 
GENERAL Motors Corp. Brit. 539,608, Oct. 1, 1941 
(June 29, 1939). 

Ceramic materials. Erich Krautz AND WILFRIED 
Mever (General Electric Co.). U.S. 2,260,034, Oct. 21, 
1941 (June 22, 1938).—Hard, dense ceramic insulating 
materials consisting substantially of magnesium oxide and 
containing a minor addition of an oxide of the class con- 
sisting of nickel and cobalt oxide, together with beryllium 
oxide. 

Refractory body. L. H. Hepner (Crane Co.). U. S. 
2,257,380, Sept. 30, 1941 (Jan. 21, 1939).—A semiporce- 
lain glazed ware comprises a clay of the plastic siliceous re- 
fractory type and pyrophyllite, the resultant ware pos- 
sessing the properties of low moisture expansion and in- 
creased craze resistance. 

Shielded aircraft spark plug. Hector RABEZZANA AND 
A. J. Battey (General Motors Corp.). U. S. 2,258,810, 
Oct. 14, 1941 (Jan. 5, 1940). 

Spark plug. Grorce Marc in (Aeroflex Laboratories, 
Inc.). Can. 398,804, Aug. 26, 1941 (Nov. we 

M.H 

plugs. AC-SpHinx SpaRKING Piuc Co., LTD., 
D. CorBIn, AND R. R. Barrincton. Brit. 539, 945, 
15, 1941 (March 29, 1940). Benprx AvIATION CorP. 
Brit. 540,110, Oct. 15, 1941 (April 17, 1939). K. L. G. 
SPARKING PLucs, Ltp., C. M. Carincton. Brit. 
539,244, Sept. 17, 1941 (March 1, 1940). D. Naprer & 
Son, Ltp., AND F. R. F. Ramsay. Brit. 539,552, Oct. 1, 
1941 (March 13, 1940). 

Water closet. C. H. Jonnson (Pullman-Standard Car 
Mfg. Co.). U.S. 2,258,453, Oct. 7, 1941 (Aug. 12, 1939). 
U. S. 2,258,454, Oct. 7, 1941 (Sept. 9, 1939). 
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Aids for analyzing high-speed action. E. M. Warson. 
Gen. Elec. Rev., 44 [10] 549-57 (1941).—The principal 
methods and devices for Por photography, strobo- 
scopes, etc., are classified. A brief description of each is 
given. A comprehensive table br the principal methods for 
studying phenomena that are too fast for unaided visual 
observation is presented. 17 illustrations. L.E.T. 

uate: and method for determination of specific gra: 

fine powders. W.C. KNOBLAUGH AND A. J. Bov_e. 
Bul Amer. Ceram. Soc., 20 [10] 334-35 (1941).--2 refer- 
ences, 1 figure. 

Determination of pore sizes of porous materials by gas 
diffusion method of H. Adzumi. G. LocuHmMann. Angew. 
Chem., 53 [43-44] 505-508 (1940).—The work of H. Ad- 
zumi (Bull. Chem. Soc. Japan, 12, p. 304 (1937)) is reviewed. 
Other methods employ discussed. The resuits 
of the measurement of pore sizes of unglazed ceramic 


bodies are given. R.L.G. 
Die problems. Howarp H. Mansur. Brick & Clay 
Record, 95 [5] 20-23 (1939). B.C.R. 


Direct reading microphotometer. G. O. LANGsTRoTH, 
K. B. NEwsBounpb, AND W. W. Brown. Can. Jour. Re- 
search, 19A [7] 103-108 (1941).—A direct reading photo- 
electric microphotometer designed for use in spectro- 
graphic analysis is described. G.A.K. 

Drier troubles mean die troubles: I, Die balance and 
construction. Grorce C. SELI3s, Jr. Brick & Clay 
Record, 99 [1] 40, 42 (1941).—In t'se manufacture of hollow 
tile, breakage obtained in drying is often not the fault of 
the drier but is due to improper die construction. It may 
be reduced by changes in drying conditions, but the correct 
solution lies in a die properly constructed and balanced, 
so that the ware will have a slight tendency toward con- 
cave. B.C.R. 

Drill-hole problems in the phic projection. 
D. Jerome Fisner. Econ. Geol., 36 [5] 551-60 (1941).— 
F. outlines methods for the solution of drill-hole problems 
involving buried tilted beds (veins, faults) by means of the 
stereographic projection. B.C.R 

Drying troubles: I. L. R. Wurraker. Brick & Clay 
Record, 95 [5] 14-16 (1939).—Breakage of ceramic ma- 
terials frequently attributed to the drier may be due to 
(1) contaminants; (2) the character of the clay, e.g., the 
presence of roots and lumps or its natural fineness; (3) 
laminating tendencies; and (4) improper grinding. In 
plants where other types of driers were formerly used, some 
trouble may be experienced with tunnel driers because of 
their more rapid drying rate. II. Jbid., [6] 17-19.— 
The damaging of ware during drying may be due to non- 
uniformity of moisture in the pug mill. Frequently, wet 
and dry portions of clay are fed in, making it difficult to 
adjust the water requirements properly. In cases where 
there is insufficient plasticity, the addition of an electro- 
lyte will improve the plasticity and the drying properties. 
An excess of water results in high breakage; this may be 
remedied by the addition of acid which stiffens the clay 
column. III. Jbid., 96 [2] 24-26 (1940).—Defective 
ware during drying may also be traced to other factors, 
such as (1) a defective auger, resulting in laminated ware; 
(2) loss of vacuum in deaired products due to a faulty 
pressure regulator; (3) careless hacking; (4) warped pal- 
lets; (5) defective drier cars; and (6) careless transfer. 
For Parts IV—-VIII see Ceram. Abs., 20 [10] 241-42 oe 


Final grinding of petrographic thin sections. Epwin 
Rogepper. Amer. Mineralogist, 26, 568-70) (1941).— 
Illumination of the glass grinding plate from below will pre- 
vent wedging of the section and the loss of purts of it. A 
curved plate 20 cm. wide and 1 mm. deep in tlie center will 
give quartz a yellow color in the center of the section while 
the edges will be white. This curvature ca be detected 
with a straightedge or by reflection of the cioss bars of a 
window. The curvature can be corrected b'r the use of a 
silicon carbide stone or metal block and abrasive and by 
grinding mainly on the edges. W.D.F. 


Flotation dev ent. NatHan C. Rockwoop. Rock 
Products, 44 [8] 37-42, 64, 66 (1941).—Developments in 
the flotation processes for P. Portland cement production 
using Breerwood and supplementary patents are given, 
including flow sheets and illustrations. B.C.R. 

Hints on the use of lens systems in industry. W. D. 
Wricnt. Jour. Sci. Instruments, 18 [4] 53-57 (1941).— 
W. discusses (a) identification of lenses by appearance, 
(b) correct facing of lenses with respect to distance of ob- 
ject and image, (c) use of uncorrected lenses, (d) use of cor- 
—— lenses, (¢) projection of light down a hole, and ( Vv, ) use 
of cy lenses L.G. 
History of the hydraulic extrusion process. "C. EB. 
PEARSON. Engineer, 172 [4471] 188-90 (1941).—In its 
earlier stages, the extrusion process could be applied to 
only a comparatively small number of soft metals and al- 
loys of low melting point; in practice it was confined al- 
most entirely to lead. P. gives a historical account of the 
development of the extrusion process, selecting from among 
a large number of inventions and devices those which ap- 
pear to have contributed most, either directly or indirectly, 
to the various stages of evolution of the process. 

G.A.K. 

Lubrication without oil. Fr. Emailwaren-Ind., 18 
[19-20] 47-48 (1941).—Nonmetallic industrial materials 
for bushings and bearings, such as rubber or artificial 
resins, have been satisfactorily lubricated with water or 
emulsions of water and a little oil. A mixture of water and 
colloidal graphite is an excellent substitute for oil lubri- 
cants. Other oil-free lubricants which are gaining import- 
ance, especially in Germany where the oil shortage is more 
acute (though it is a world-wide problem), are the concen- 
trated solutions of strongly hygroscopic salts, e.g., a solu- 
tion of 10 sodium metaphosphate in 50 water, which is con- 
centrated to 25. For temperatures up to 360°C., mixtures 
of orthophosphoric acid and metaphosphates can be used 
as well as mixtures of kaolin and graphite with fused salts 
(potassium thiocyanate, potassium nitrate, etc.). For low 
temperatures, metaphosphoric acid can be used; a 37% 
solution of calcium chloride with the addition of kaolin or 
graphite can be used up to 20°C. Organic compounds, such 
as concentrated sugar solutions, have proved useful. A 
concentrated solution of lactic acid has been used success- 
fully as a substitute for glycerine, and it should possess 
good lubricating properties when mixed with kaolin or 
colloidal graphite. The type of lubricant must be suited 
to the working conditions and materials in each case. 
Water lubricants have given good service in water turbines 
and pumps, washing machines, and underwater propelling 
devices for ships, etc. M.V.C. 

Measuring miccoscope. G. H. Wacner, Grant C. 
BarLey, AND W. G. Eversoie. Ind. Eng. Chem., Anal. 
Ed., 13 [9] 658-59 (1941).—The technique for measuring 
vertical distance: up to several centimeters with a pre- 
cision of 0.00005 «m. is described. Illustrated. F.G.H. 

Photography of ‘ine-machined surfaces with the electron 

. B. v. Borrres anv S&S. Janzen. Z. Ver. 
Deut. Ing., 85 [GS 207-11 (1941).—The methods formerly 
employed for determining unevenness are briefly reviewed; 
with these, however, the practical limit was not much be- 
low 0.5 mp. The electron microscope is now being used 
for measuring and recording roughness; with it, magnifi- 
cations of 7500 and higher give clear reproductions of 
the profile of a surface, like relief maps. The instrument 
and the principles involved are described in detail. Photo- 
graphs illustrate the results obtained for various materials 


M.H. 
Powder metall . Water J. Baeza. Chem. In- 
dustries, 49 [1] 68-71 (1941).—Particles of tungsten, 
tantalum, titanium, and columbium carbides, alone or in 
combination, are cemented together with powdered metal- 
lic nickel, iron, or cobalt. A new product of powder metal- 
lurgy is a resistance element of copper with porcelain which 

has a resistance of 140 (Nichrome as 100). E. ~ M. 
Principles of automatic temperature control. J. 
Gartsipe. Engineer, 171 [4453] 324-26 (1941). 6. dis- 
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cusses the principles of automatic temperature control 
under the following headings: (1) Basic principles: (c) 
“‘on-off” system, (b) floating control, and (c) modulating 
control; (2) Meaning of the term ‘ ‘differential’ ; (3) Use 
of modulating control; (4) Heat acceleration; (5) Design 
of the thermally sensitive member: (a) bimetallic sys- 
tems and (0) filled systems; (6) Function of the thermally 
sensitive member: (a) electric switch to control electric 
heating loads directly or through the medium of a relay, 
(6) mechanical work from sensitive element to operate 
a valve on a gas, hot water, or steam supply line, (c) sen- 
sitive element used to move a contact over a slide wire re- 
sistance, (d) direct-acting thermostatic valves used as pilot 
valves providing increase or decrease of air or water pres- 
sure to a diaphragm, and (e) a self-contained unit of motor, 
oil-pressure system, and valve; and (7) Choice of type of 
instrument. G.A.K. 
Principles of the theory of a thermoelement. V. Kova- 
LENKO. Zhur. Tekh. Fiz., 8 [15] 1311-25 (1938).—The 
theoretical phases of a thermoelement for the range of tem- 
peratures of joints between 0° and 50° to 100°C. are 
mathematically treated. The effect of a vacuum is dis- 
cussed, and the fundamental equation for calculating the 
inertia of a thermoelement is derived. B.Z.K. 
Ratio of water to solids in cylinder grinding. W. E. C. 
CREYKE AND H. W. Wess. Trans. Brit. Ceram. Soc., 40 
(3) 55-75 (1941).—The following variables influence ‘the 
efficiency of wet grinding in cylinder mills: (1) speed of ro- 
tation, diameter and length, and nature and shape of the 
interior surface of the cylinder; (2) total weight, shape, and 
size grading of grinding media; and (3) weight of charge, 
its ratio to the weight of grinding media, and the ratio of 
the solid charge to water. The present work on the effect 
of the ratio of solids to water in the ground charge shows 
that an additional variable is the viscosity of the slip. 
The following conclusions were reached: (1) There is a 
sharply defined critical ratio of solid charge to water in 
cylinder grinding at which the grinding efficiency is at a 
maximum. (2) An important factor in securing grinding 
efficiency is the viscosity of the slip; the rate of production 
of fine material is higher at lower viscosities. (3) It is 
possible to obtain greater grinding capacity, while main- 
taining the optimum viscosity for maximum efficiency, by 
the addition of a suitable deflocculent. (4) When grinding 
mixtures of materials which grind at different rates, a loss 
of efficiency may be caused through the early development 
of fines from the softer material which slow up the grind- 
ing of the harder material. (5) When grinding borax frits, 
stone, and feldspar which develop alkalinity, it is usually 
possible to use a higher solid: water ratio than that used 
when grinding a material such as flint or quartz, owing to 
the deflocculating action of the alkalis. (6) The ratio of 
solids: water should be varied for each material being 
ground to obtain maximum efficiency. R.A.H. 
Recent advances in laboratory equipment. ANON. 
Chem. Age [London], 44 [1139] 238 (1941). Brief descrip- 
tions are given of (1) the Inclyno laboratory test sieve 
vibrator which imparts a “‘correct” vibration speed and a 
gyratory rocking action to ensure that the whole surface 
of the mesh is used at all possible angles (a time switch 
stops the machine after a prearranged time), (2) several 
types of laboratory stirrers, (3) electric furnaces for gen- 
eral laboratory use, (4) laboratory ware made of alumina, 
and (5) a Lovibond Nessleriser for comparing the colors of 
liquids. A.BS. 
otary drier. ANon. Brit. Clayworker, 50 [590] 20-24 
(1941).—The rotary drier, as used by the brickmaker, is an 
almost new tool in the industry. As its value becomes more 
generally appreciated, its use will increase. A typical drier 
layout is described. It consists of a cylinder of mild steel, 
50x 5 ft., inclined at 1 in 30 toward its delivery end. The 
interior of the cylinder is fitted with a series of guide plates 
to form spirals which, together with cross buffles and in- 
clined shelves, cause the material to be agitated and tossed 
from shelf to shelf. Heat is obtained from a steel-braced 
brick-built structure at one end of the drier. The dried 
material is discharged into a hopper on a canvas-faced 
belt conveyer. R.A.H. 
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Selection and tion of irstallations for centrifuging 
and sifting. B. Waneen. Chem. App., 28 [7] 101-103 
(1941).—W. discusses apparatus for sorting and drying 
granular and powdered material. M.H. 
Small-scale electrodialysis cell. H. B. Can. 
Jour. Research, 18B [8] 252-54 (1940).—An electrodialysis 
cell for removing electrolytes from small volumes of colloidal 
solutions is described. On dialysis of a solution half satu- 
rated with ammonium sulfate, only 2% of the salt remained 
after 3 hr. G.A,.K. 
Spectrograph in industry. D. L. Masters. Chem. Age 
[London], 44 [1139] 231-34, 236 (1941).—Several forms 
of a_i are described in detail; their uses are 
mentioned. A bibliography is included. A.B.S. 


Spec ic anal of solutions by a modified 
ry Soc. Chem. Ind. [London], 60 [4] 95-98 (1941).—A 
mechanical feed device was used with a modified Ramage 
flame method, and working concentrations of various cat- 
ions suitable for routine analysis were determined. Com- 
parative results for the determination of easily soluble soil 
potassium were obtained by this method and that of 
Lundegardh. R.L.G. 
Surface studies with the electron microscope. V. K. 
ZWORYKIN AND E. G. RAMBERG. Jour. Applied Physics, 
12, 692-95 (1941).—Because of the limitation of the elec- 
tron microscope to very thin films, techniques are being 
developed for photographing collodion positive replicas of 
the surfaces of compact bodies. Photographs at 20,000 
magnifications illustrate the results obtained with metals, 
glazed porcelain, and a quartz cleavage face. A.P. 
X-ray analysis in industry: II, Technique of X-ray 
anal methods and recent developments. Photometry 
of X-ray crystal diffraction diagrams. J. MONTEATH 
ROBERTSON AND R. H. V. M. Dawron. Jour. Sci. In- 
struments, 18 [7] 126-28 (1941).—The instruments which 
have been devised to obtain the integrated values of the 
intensities of the X-ray beams which produced the spots are 
briefly described. A new instrument based on the prin- 
ciple of a rapid scan of the diffraction spot, similar to the 
scanning used in television, isalso described. Simple pho- 
tometer for the examination of X-ray films. A. H. Jay. 
Ibid., pp. 128-30.—Constructional details and the experi- 
mental procedure for a simple photometer are given. 6 
figures. ental technique in the study of alloys 
by X rays. Oxtve S. Epwarps Anp H. Lipson. IJbid., 
pp. 131-33. X-ray crystal photography at low tempera- 
tures. K. LonspaLe AND H. Smirn. Ibid., pp. 133-35. 
Low-temperature X-ray photographs are taken by en- 
closing the sample in a cellophane tube and pouring liquid 
oxygen over it during exposure. Details of the procedure 
and the types of investigations completed are given. 
Measurement of stress by X ra D. E. Tuomas. Ibid., 
pp. 135-38. Applications of X-ray methods in the ex- 
amination of organic crystals. A. HARGREAVES AND W. H. 
Tayior. Ibid., pp. 138-44. Derivation of lattice spacings 
from Debye-Scherrer photographs. H. Lipson np A. J. 
C. Wirson. Ibid., pp. 144-48.—The usual film arrange- 
ments for powder photographs are described and com- 
pared. Methods for the calculation of spacings without 
systematic errors are given. Systematic determination of 
orientation. J. THewzis. Jbid., pp. 148-50.—A 
graphical method for the determination of crystal orienta- 
tion is described, and general formulas for calculating the 
orientation are presented. Applications of X-ray tech- 
— to the study of preferred orientations of crystals in 
T. L. Ricwarps. IJbid., pp. 150-52. Super- 
lattices. C. Syxes. Jbid., pp. 152-53. X-ray diffraction 
and the deformation of metals. W. A. Woop. Ibid., pp. 
153-54. Precipitation in the solid state. G. D. PRESTON. 
Ibid., pp. 154-57. Particle-size measurement by the 
X-ray method. F. W. Jonges. IJbid., pp. 157-58.—The 
X-ray method of particle size determination is reviewed. 
The accuracy and limitations of the method are discussed. 
For Part I see Ceram. Abs., 20 [10] 242-43, 248, aro. 
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BOOK 


Temperature Measurement and Control. Rosertr 
L. Weser. Blakiston Co., Philadelphia, 1941. 430 pp., 
183 illustrations. Price $4.00.—W. presents the methods 
of temperature measurement against a rigorous theoretical 
background. The basic principles necessary for the appre- 
ciation, intelligent use, and extension of these methods are 
clearly discussed. The book contains 15 chapters, arranged 
in three parts, on the principles utilized in the measurement 
of temperature by expansion, thermoelectricity, radiation, 
and resistance. Related topics such as calorimetry, ther- 
mal analysis, temperature control, elementary thermody- 
namics, and temperature scales are outlined. Clear-cut 
directions are given for 24 laboratory experiments designed 
to illustrate the methods discussed in the chapters on prin- 
ciples. An appendix of tables and data of practical use- 
fulness in a pyrometry laboratory is included. This book 
is especially well suited to the needs of those preparing for 
or engaged in industrial positions. It includes a large 
number of references to origina! papers and numerous 
problems. 

ERRATUM 


High-sensitivity radiation pyrometer. N. E. Dossrns, 
K. W. Gee, anp W. J. Rees. Trans. Brit. Ceram. Soc., 
39 [8] 253-57 (1940).—The authors developed a photo- 
electric radiation pyrometer which is claimed to have a 
sensitivity of 4° per scale division at 2000°C. instead of 
between 10° and 20° per scale division as stated in Ceram. 
Abs., 20 (2] 52 (1941). 

PATENTS 
tus for measuring the coarseness of powders. E. 
DEN (to Secretary of Agriculture of the U. S.). 
vo S. 2,261,802, Nov. 4, 1941 (May 28, 1941). 

Apparatus for measuring and indicating small quantities. 
KAPELLA, Ltp., R. E. REASON, AND R. I. Garrop. Brit. 
539,274, Sept. 17, 1941 (Feb. 1, 1940). 

Apparatus for measuring and indicating surface rough- 
ness. KAPELLA, Ltp., AND R.E. Reason. Brit. 539,273, 
Sept. 17, 1941 (Feb. 1, 1940). 

Apparatus for measuring plasticity. P. S. Roiier. 
U. S. 2,259,491, Oct. 21, 1941 (Jan. 9, 1939). 

machines of the semiplastic type. C. 
Warrrtaker & Co., Ltp., AND N. WHITTAKER. Brit. 
539,828, Oct. 8, 1941 (April 23, 1940). 
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Clay-cutting machine and method of control. E. A- 
Hawk. U. S. 2,261,114, Nov. 4, 1941 (Jan. 7, 1938). 

the speed of a ee 

Hydraulic Development rp., 
U. S. 2,258,886, Oct. 14, 1941 (July 21, 1938). 

easurement of surface ess. KAPELLA, LTD., 

AND R. E. Reason. Brit. 539,271, Sept. 17, 1941 (Feb. 1, 


1940). Kapevia, Lrp., R. E. Reason, AND R. I. Gar- 
rop. Brit. 539,272, Sept. 17, 1941 (Feb. 1, 1940). 
Method and apparatus for powdered material 


ina mold. S. K. Wet~mMan 
1941 (March 1, 1939). 
Process and apparatus for purifying o or dressing clay. 
Lupwic Gerecut. U. S. 2,260,776, Oct. 28, 1941 (Sept. 
12, 1938).—A process for the preparation of clay comprises 
applying, to a mass of crude clay of such moisture content 
as to be in a state of soft plasticity, a centrifugal force 
in a downwardly expanded centrifuge, whereby specifically 
heavier constituents, stones, etc., are extracted at the 
bottom, and applying to the remainder of the mass a homo- 
genizing treatment during the centrifugal action as it passes 
upwardly in the centrifuge, the homogenizing action in- 
cluding passing the mass through restricted passages which 
separates lighter constituents, roots, etc., from the mass. 
con 


ting y vitreous 
and partially nonvitreous materials. L.G. Biack (Ameri- 
can Potash & Chemical Corp.). U.S. 2,257,325, Sept. 
30, 1941 (Jan. 30, 1939).—The process of separating the 
vitreous and granular forms of sodium tetraborate from 
intimately associated admixtures of the forms comprises 
introducing relatively coarse particles of the mixed material 
into a choke-fed rod mill operated to have a differential 
grinding action affecting the granular portion to a greater 
extent than the vitreous portion, continuously separating 
the comminuted particles from the oversized material, and 
treating at least a part of the latter in a choke-fed ball mill 
operated to reduce the greater part of the remaining 
granular material to a finer size while preserving the 
greater part of the vitreous material as particles of larger 


size. 
Solar heater. J. D. McCain. U. S. 2,259,902, Oct. 21, 
1941 (Oct. 17, 1938). 


Brit. 538,803, Aug. 27, 


Kilns, Furnaces, Fuels, and Combustion 


Attempt at completely argos control of the furnace 


atmosphere using un V. Kiem. 
Glastech. Ber., 19 [5] 172-73 (1941). J.F.H. 
Best method of a continuous kiln. ANon. Brick 


& Clay Record, 98 [5] 32, 34 (1941).—Suggestions are 
given for properly startirg a coal-fired Hoffman kiln and 


providing a sufficient and uniform draft. B.C.R. 
Control instruments o te stokers to obtain on 
firing. Anon. Brick Clay Record, 99 [1 38 


(1941).—A schematic layout of the automatic oe of 
stoker-fired kilns is shown and discussed. B.C.R. 
Effects of glost-kiln atm eres discussed at O.C.LA. 
meeting. ANON. Ceram. Ind., 37 [5] 66 (1941).—A 
short report is given of the fall meeting of the Ohio Ceramic 
Industries Assn., Columbus, Ohio, October, 1941. 


H.T. 
Firing sewer pipe in tunnel kilns. ANon. Brick & 
Clay Record, 98 fot 17 18 (1941).—A circular tunnel kiln 
for firing and salt glazing 4-, 6-, and 8-in. sewer pipe is de- 
scri B.C.R. 
Formation of clinker in fuel beds. A.C. DUNNINGHAM 
AND E. S. Jron & Coal Trades Rev., 143 (3837) 
242 (1941).—The conditions which exist on a traveling 
grate were investigated on a fuel bed 6 in. thick by igniting 
it and burning it out at a definite air rate corresponding 
to approximately 25 Ib. of fuel per sq. ft. per hr. The 
melting points of most British coals lie between 1050° and 
1350°C., and the temperature of the fuel bed is usually 
between 1300° and 1500°C. Ash fuses at a lower tem- 


perature in a reducing atmosphere than in an oxidizing 
atmosphere. In the case of coke, most of the clinker is 
found in the bottom layer. The percentage of clinkers 
ranged from 33 to 55% for the 1'/,- to 1-in. size and from 
66 to 80% for the 1'/;- in. to the smallest size. Clinker for- 
mation starts in the top layer. M.H. 
Gasification of carbon by air, carbon dioxide, and steam 
and effect of ino catalysts. C. Krécer. Angew. 
Chem., 52 [6] 129-39 (1939).—Investigations of the con- 
version of various solid forms of carbon intc CO and CO, by 
air, oxygen, carbon dioxide, or steam are reviewed. The 
influence of inorganic compounds such as oxides and car- 
bonates upon these reactions is also summarized. 
R.L.G. 
Measurement of flame-gas temperatures. W. T. 
Davip. Engineer, 172 [4471] 186-87 (1¥41).--No satis- 
factory method for the measurement of the temperature of 
fiame gases has been evolved. D. ciscusses the sodium- 
line reversal method and platinum thermometry. Con- 
clusions are as follows: (1) the sodium method of deter- 
mining flame-gas temperatures is generally valueless be- 
cause the combustible air gases are never perfectly mixed 
in practice; and (2) for flame gases resulting from the 
combustion of carbon monoxide-air mixtures, platinum 
thermometers canno’ be expected to yield correc’ tem- 
peratures unless they are covered. See “Temperature .. 
this issue, p. 22. G.A.K. 
Oil from shale. ANon. Chem. Age [London], 45 
{1161] 170 (1941).—C. Haney, using a little-known cataly- 
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tic action, has produced high octane spirit at the rate of 
196 gal. per ton from torbanite and 200 gal. per ton from 
cannel coal. No details are published. A.B.S. 
fired at 2900°F. with stokers. ANON. 
Brick & Clay Record, 99 {1} 38 (1941).—In the firing of re- 
fractories at 2900°F., the length of the soaking period has 
been reduced owing to the more uniform temperatures 
maintained during this period by stoker firing. Although 
a cheaper grade of coal may be used, larger quantities are 
required. The equipment has not been in use long enough 
to indicate the fuel savings obtainable. B.C.R. 
coal for stoker-fired kilns. J. E. Toney AND 
CaRROLL F. Harpy. Brick & Clay Record, 99 [1] 34, 36 
(1941).—Although stokers used on kilns are either regu- 
lar domestic stokers or adaptations of them, the type of 
coal used successfully for domestic use may not be the 
proper one for kiln firing because of differences in operating 
conditions, e.g., the kiln stoker is operated almost con- 
tinuously and at a higher temperature. In general, the 
ash fusion temperatures should lie between 2300° and 
2800 °F., and the ideal ash content of the coal is 4.5 to 6%, 
although coals of much higher ash content are being used. 
For high-grade ceramic ware, the sulfur content of coal 
should not exceed 1.5%; volatile matter usually varies 
from 30 to 40%. Percentage of fixed carbon, reactivity of 
coke, and burning characteristics, such as coking or free 
burning, are not of great importance. The size of the coal 
may be 1.25 to 2 in. if the coal is not too hard; nut and 
slack sizes do not operate satisfactorily. See ‘‘Under- 
feed ... ,”’ Ceram. Abs., 19 [2] 56 (1940). B.C.R. 
Stokers cut time. Anon. Brick & Clay Record, 
99 [1] 29-30 (1941).—At the Western Brick Co., the in- 
stallation of 10 Winkler ceramic stokers to each of the 
eighteen 30-ft. kilns firing shale brick or firebrick gave a 
30% saving in fuel and labor owing to a decrease of 2 days 
in firing time. Portable units operated automatically by 
potentiometric control are used. B.C.R. 
Stokers give equivalent of another kiln. J. H. Bicx- 
Ley. Brick & Clay Record, 99 [1] 31-32 (1941).—B. de- 
scribes firing methods using Link-Belt stokers. Reduction 
in firing time, use of cheaper coal, and improved products 
are the chief advantages. B.C.R. 
and latent en in flame W. T. 
Davip. Engineer, 171 [4450] 268-70 (1941).—Because 
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of the long-lived latent energy, the ideal flame-gas tempera- 
ture is not usually attained. D. discusses the latent 
energy in flame gases under the following headings: (1) 
Luminosity experiments, (2) Temperatures measured dur- 
the prepressure period in large closed vessel explosions, 

(3) Temperatures of open flames, (4) Pressures developed in 
closed vessel explosions, and (5) Disappearance of iatent 


energy. See “Measurement ...,” this issue, p.21; Ceram. 
Abs., eo [7] 171 (1940); “Latent... »” ibid., 20 [11] 269 
(1941). G.A.K 


Tunnel kiln for common brick plant. D. W. Han- 
cock. Brick & Clay Record, 99 [2] 11-14 (1941).—H. 
describes the construction of a “home-made” tunnel 
kiln. The kiln gives a fuel saving of 8 to 10%, burns 
natural gas, and produces well-fired brick of good aprear- 
ance. B.C.R. 


SEPARATE PUBLICATION 


Resistance of Anthracite to Mechanical and Thermal 
Shock. C. C. Wricur, L. L. Newman, anp A. W. Gav- 
GER. Penna. State Coll. Mineral Ind. Expt. Sta. Buli., 
No. 31, 28 pp. (1941). Price 50¢-—A method of testing 
anthracites under producer gas generator conditions is de- 
scribed. Carefully sized coal was blasted with hot reducing 
gases at 1600°F. for 1 hr. and then removed and dry 
quenched. The A.S.T.M. drop-shatter test was used to 
evaluate the “‘size stability” of the product and of the raw 
coal. The effect of mechanical and thermal breakdown on 
the performance of water-gas generators was measured in 
terms of the pressure drop of gases passing through the 
fuel bed, with the aid of the tables and formulas of Fur- 
nas. A laboratory test for pressure drop showed good 
agreement with plant- scale tests. Data for 27 grates, 
broken, and egg-size anthracites are presented. It is con- 
cluded that decrepitation resulting from combined ther- 
mal and mechanical shock is not in most cases a serious 
factor in water-gas sets. Clinker resistance was found to 
be much more important in influencing over-all resistance. 
See “Plans... ,”” Ceram. Abs., 20 [6] 153 (1941). 

V.D.F. 
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Aerial survey of South American minerals. Gorpon 
H. CuamBers. Chem. Industries, 48 [4] 462-66 (1941).— 
A survey of the strategic mineral production and resources 
of South America is presented. See “Zirconia... ,” 
Ceram. Abs., 20 [11] 272 (1941). E.D.M. 

um and aluminum ores. WaLter B. SPELL- 
MIRE. Gen. Elec. Rev., 44 [10] 540-41 (1941).—The tre- 
mendous demand for aluminum is bringing about the 
rapid and great expansion of the aluminum-producing 
industry. The story of the production of aluminum from 
bauxite ore (named after Les Baux, a town in southern 
France) is presented in graphical form. Alumina is found 
in small quantities as corundum, but it is present in many 
mineral combinations and silicates. Turquoise is an alu- 
minum phosphate (Al,(OH);PO,H;0), topaz is a fluosilicate 
of alumina, garnet is a silicate of calcium and aluminum 
(CasAl,(SiO;)s), and alunite is a hydrous sulfate of potas- 
sium and aluminum (K(AIO)3(SO,)33H;0). Commercial 
bauxite is found in the U. S. in Arkansas, Alabama, Geor- 
gia, and Tennessee. Aluminum production in the U. S. 
is now approaching 1,500,000,000 Ib. L.E.T. 

Australia searches for bauxite. ANON. Chem. Age 
[London], 43 (1111) 168 (1940).—None of the known de- 
posits of bauxite in Australia are suitable for producing 
aluminum as they contain sufficient silica and iron oxide 
to make treatment difficult. Analyses show, however, that 
bauxite deposits of sufficiently high aluminum content 
are present in Western Australia. The principal deposits 
known at present are on the Darling Ranges, in the south 
of Western Australia, and at Wingello and Emmavilie, 


in New South Wales. Plans already in existence for the 
creation of an Australian aluminum industry provide for 
the use of imported bauxite from India, Burma, or British 
Guiana, if local supplies are not obtainable. The produc- 
tion of aluminum sheets, at least, should not be deferred 
longer than until next year. A.B.S. 
Bauxite deposits. ANon. Chem. Age [London] 45 
[1161] 178 (1941).-—Bauxite deposits at Inverell, New 
South Wales, are being examined with a view to their use 
in the manufacture of aluminum in Australia. They con- 
tain 25 to 68 alumina, 2 to 39 ferric oxide, and 0.1 to 20% 
silica. A.B.S. 
Carbonaceous zeolites from bituminous coal. S. J. 
BRODERICK AND Date Bocarp. Ind. Eng. Chem., 33 
[10] 1291-96 (1941).—Bituminous coals from Alabama, 
Indiana, Kentucky, Virginia, and West Virginia have 
been used in the preparation of carbonaceous hydrogen 
exchangers by treating with sulfur trioxide at 150°C. 
The working capacities are from 9500 to 12,800 grains of 
calcium and magnesium per cubic foot of exchanger. A 
study of the physical properties and chemical constitution 
of the coals revealed no definite characteristic or property 
upon which exchange capacity is dependent. Narrow 
particle-size range (— 28 to +35 mesh) material was used 
in manufacturing the exchanger and in determining the 
working capacities. Illustrated. F.G.H. 
China clay and fuller’s earth research. ANON. Chem. 
Age [London], 45 (1155) 90 (1941).—The principal pro- 
ducers of china clay in England have carried out a large 
amount of research to meet the needs of various indus- 
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tries. “Supreme” kaolin has a very smooth texture, and 
it is guaranteed to have 70% of its particles not above 1 
micron in size; another grade known as “Speswhite” has 
50% of its particles not greater than 1 micron. A mixture 
of Speswhite and white Indian talc, ‘“‘Talcolin No. 1”, 
is used as a suspender or thixotropic agent and replaces 
imported asbestine. Where a material of low oil absorp- 
tion is required, a specially prepared product known as 
“Talcolite” is available. Recently, finely ground Cornish 
china stone, a substitute for barytes, has been marketed 
under the name of “Kalytes.” With suitable treatment, 
fuller’s earth yields valuable materials for the paint in- 
dustry, e.g., Fullogel No.1. This is a gel of the aluminum 
hydroxide type which, when mixed with water by strong 
mechanical action, forms a thixotropic gel suitable as a 
substitute for bentonite, e.g., in bituminous emulsions. 
It is claimed that natural fuller’s earth, of which there are 
extensive deposits in England, is superior to German green 
earth as a base for the manufacture of lake colors. 
A.BS. 
D idency of base exchange and swelling of mont- 
ite on preheating. U. Hormann AND J. ENDELL. 
Angew. Chem., 52 [50] 708-709 (1939).—The effect of heat- 
ing on the structures of bentonites can be followed by de- 
termining its effect on the base-excnange capacities, the 
swelling capacities, and the water losses. These proper- 
ties have been studied over the temperature range 100° 
to 700°C. for a German Ca bentonite containing Mg, 
Wyoming Na bentonite, mica, and the Na and Ca ben- 
tonites obtained by complete exchange of Na* and Catt 
ions for the Cat* and Mg** of the German bentonite. 
The Ca bentonites lose their capacity to swell and show 
a marked decrease in their base-exchange capacity after 
being heated in the range 300° to 400°C., while the Na 
bentonites require temperatures about 100°C. higher. 
The base-exchange capacity losses are believed to be caused 
by the formation of solid compounds on the surfaces of the 
particles, tying down the exchangeable cations. The 
water-loss curves indicate that these bentonites lose their 
ability to swell when the last traces of water have been 
removed from between the layers of the minerals. See 
“Crystal... Ceram. Abs., 18 [2] 58 (1939). 
R.L.G. 


Diaboleite from Mammoth Mine, Tiger, Arizona. 
CHARLES PaLacHEe. Amer. Mineralogist, 26, 605-12 
(1941).—This is the first complete description of the 
mineral diaboleite, Pb,CuCl,(OH),. It is tetragonal, 
hemimcvphic, and intense blue in color. Its optical prop- 
erties are uniaxial negative, w = 1.98, ¢« = 1.85. It is as- 
sociated with quartz, hemimorphite, and linarite. 


.D-F. 
Effect of tem; Sree ge on exchange capacities of base- 
exchange ma used in water . H. INGLE- 
- AND A. Harrison. Jour. Soc. Chem. Ind. [London], 


60 [4] 87-92 (1941).—-Base-exchange capacities of treated 
coal, greensand, and synthetic zeolites are not greatly 
affected by a rise in temperature from 3° to about 50°C., 
but a rise to about 70° causes a marked decrease in the ex- 
change capacity. There is a gradual fall in the exchange 
capacity of treated fuller’s earth with increase in tempera- 
ture. Unlike these, the exchange rs ' of a synthetic 
resin is much greater at 50° and at 70°C. than at the 
lower temperatures. R.L.G. 

Formation of igneous-looking rocks by metasomatism: a 
critical review and suggested research. FRANK F. Grout. 
Bull. Geol. Soc. Amer., 52 [10] 1525-76 (1941).—Many 
granites pass, by insens:ble gradations, into schist, quartz- 
ite, or other metamorphic rocks. There have been numer- 
ous suggestions that the granite at such places resulted 
from metasomatic replacement of older rocks, but it is 
hard to find a really conclusive large example that has been 
described in detail. The problem is difficult for many rea- 
sons, and reconnaissance no longer suffices as a basis for 
the suggestion of large-scale metasomatic origin. It is 
hoped that one or more of the promising districts may be 
given very thorough study and careful discussion to pro- 
vide a type to which others may be compared. The fea- 
tures of a good report to establish such a type are described 
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in some detail. Until such a type district is found, con- 
siderable caution should be exercised by those who suggest 
metasomatic origin of igneous-looking rocks. A.C.B. 
takes inventory of its mineral resources. A. H. 
HusBet.. Eng. Mining Jour., 142 [10] 58-59 (1941).— 
A state mineral survey is being made witk the help of the 
WPA to increase the known resources, particularly of 
defense minerals, by planned prospecting. Work has 
been undertaken in 21 out of 159 counties. Minerals im- 
portant to defense of which new deposits have been found 
are asbestos, mica, sericite. kyanite, magnetite, vermiculite, 
glass sand, massive quartz, chromite, talc, serpentine, and 
iron ores. Work has also been done on clay, sand and 
gravel, pyrite, gold, limestone, shale, and bentonite. 
W.D-F. 
A. C. Gill’s development of the concept of unique di- 
ameters in c y. J. D. Burroor, Jr. Amer. 
Mineralogist, 26, 617-26 (1941).—A unique diameter is a 
line or diameter unlike any other in a crystal. As their 
arrangement in each crystal system is different, they can 
be used to assign crystals to systems without the use of 
symmetry or hypothetical axes. W.D.F. 
Gro import of State Geological Surveys. Grorce 
C. BRANNER. Mining  Met., 22 [417] 449-52 (1941).— 
Of the 48 states, only Rhode Island, Utah, Delaware, New 
Hampshire, and Massachusetts do not maintain a State 
Geological Survey. The outstanding accomplishments of 
the Surveys in each of the States are mentioned briefly. 
A chart showing the existence of State Surveys since 1820 
is presented. B.C.R. 
ermal syntheses and transformations. W. 
JANDER. Presented before Chem. Gesellschaft der 
Deutsche Hochschule, Prague, April, 1939. Abstracted in 
Angew. Chem., 52 [27] 467 (1939).—Hydrothermal studies 
are of importance not only in following processes in nature 
but also in obtaining synthetic minerals cf value. System- 
atic studies such as those of Noll dealing with the alumi- 
nosilicates and those of the Frankfurt Institute investi- 
gating hydrous magnesium silicates are very necessary 
See Ceram. Abs., 18 [1] 33 (1939); 19 [11] 263 re 


Influence of acids on the drying time and 
ceramic bodies. H. Haas anp H. Ries. Ber. ; 
Keram. Ges., 22 [7] 265-69 (1941).—Tests have shown 
that sulfur, salt, and acetic acid decrease the plasticity 
and shrinkage on drying of ceramic clays, this decrease 
being equal for equivalent acids. No shortening of the 
drying time can be obtained, however, by acid treatment; 
on the contrary, it is increased. This is attributed to the 
fact that the acids, to a greater or lesser degree, take up 
water and also raise the boiling point of the =. = 

Italian bentonite—bentonite from the Pugliese district. 
V. S. Prever anp C. Gorra. Ind. Meccanica, 23 (3) 
92-96; [4] 131-33 (1941).—Geographical and geological 
conditions, methods of production, and transportation 
facilities are described. Bentonite from the Pugliese dis- 
trict is similar in its chemical and physical properties to 
American bentonite. Its chemical analysis is as follows: 
water content at 110°C. 88, loss on ignition 7.96, SiO, 
68.12, Al,O; 16.16, FesO; 1.65, CaO 3.68, and MgO 2.23%. 
A suspension of 5 gm. in 100 gm. distilled water has a pH 
of 7.80 after it is freed of CO,, centrifuged, and filtered. 
Diagrams of plasticity and water absorption —— 


Kaolin deposits. Anon. Chem. Age [London], 45 
[1160] 158 (1941).—Kaolin deposits at Lac Rémi, Que., 
between Montreal and Ottawa, are to be developed by 
Canadian China Clay, Ltd., with a capital of $250,000. It 
is estimated that a product selling at $12.20 per ton can be 
produced; the product prepared from the Cornish ma- 
terial sells at $18 to $19 per ton. The kaolin is intended 
mainly for the paper industry, but some may be used for 
pottery. A.BS. 

Kaolin of Serrenti. ANon. Ceramica, 2 [1] 8-13 
(1940).—The kaolin of Serrenti from Sardinia is relatively 
homogeneous for practical uses. The chemical composition 
of three types of kaolin is given. This kaolin is used prin- 
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cipally for the manufacture of silicoaluminous materials, 
and the refractories produced have a high resistance to 
pressure at high temperature, good mechanical properties, 
marked resistance to rapid temperature fluctuations, anda 
constant volume and are compact. The quarries are pic- 
tured. 
Metamorphic origin of selenite. H.C. Cooxe. Amer. 
Jour. Sci., 239 [9] 658-60 (1941).—C. describes the de- 
velopment of selenite crystals in gypsum beds subjected 
to shearing stresses. B.C.R. 
Minerals (titanium oxide, and bauxite). 
Anon. Times Trade & Eng., 48 [925] 9 (1941).—Ti- 
tanium oxide is obtained from ilmenite, most of which is 
obtained from Travancore in southwestern India (60% 
TiO;), but other supplies occur in Australia, Ceylon, and 
Sierra Leone. Zircon is used chiefly in the manufacture 
of refractory cements, crucibles, special porcelains for in- 
sulators, and heat-resisting glass. Zirconium oxide and 
salts are replacing tin oxide as opacifiers, especially in en- 
amels. Bauxite has recently been discovered in Johore, 
Malaya; the exports mes the last quarter of 1939 were 
21,366 tons. See “Zircon... ,’’ Ceram. Abs., 18 hav 280 


(1939). 
kyanite on Baker Mountain: I. A. i ‘Hoe. 
BELL. ng. Mining Jour., 142 [9] 40-42 (1941).—On 
Baker Mountain in south-central Virginia, kyanite occurs 
in a pre-Cambrian quartzite, together with pyrite and 
rutile. The mine consists of a semicircular pit, on top of 
a ridge, with a face 200 ft. long and walls up to 35 ft. high. 
The ground breaks very irregularly; the quartzite, which is 
badly disintegrated, varies much in kyanite content and is 
cut by seams of chlorite, etc. Maintenance of a well-de- 
fined bench for drilling is impossible. Dry holes are drilled 
to a depth of 12 ft. and 4 to 10 ft. apart. Dupont No. 2 
blasting powder is used (5 to 25 Ib. per hole). The broken 
ore is hand-shoveled into dump cars, and lumps are 
sledged to 6 in.; quartz- and iron-stained ore is discarded. 
The ore is trammed into a coarse-ore bin at the mill 250 ft. 
distant. II. Jbid., [10] 53-55.—The ore now goes through 
a scrubber, a jaw crusher, a */,- x */s-in. screen, and a '/,- x 
2-in. screen. Next is a rod mill, two 28-mesh screens, and 
a classifier. The sand then goes to a two-cell agitator and 
a ten-cell flotation machine. The concentrate is dewatered 
on a chain drag and dried. This is the base product of the 
plant and is 58% Al,O,; and 92 to 94% kyanite. It can be 
calcined in a rotary kiln at 2750°F. and cooled. Further 
grinding is done in a pebble mill lined with North Carolina 
Salisbury granite and the same kind of pebbles. If the ore 
is ground to 100-mesh or finer, an air separator is used in 
closed circuit. Kyanite is used in high-temperature ce- 
ment, saggers, etc., glass-tank blocks, porcelain, and fire- 
brick. W.D.F. 
Modern theories of plasticity. ANon. Chem. Age 
[London], 45 [1158] 128 (1941).—The prevalent belief 
that plasticity is due to particles of clay being separated by 
films of water in such a manner that the liquid surface ad- 
heres to and binds the solid surface is now being replaced 
by the view that the separation of the surfaces is due to a 
repulsion between them; this repulsion is estimated by de- 
termining the equilibrium moisture content when the mix- 
ture is compressed under constant load between porous pis- 
tons. To account for the observed rates of flow of water 
through plastic clay, Macey (‘‘Rheology .. . ,”’ this page) 
suggests that atendency towarda regular arrangement built 
up of layers of water in crystalline form exists in the water 
near the clay surface; this tendency decreases with dis- 
tance from the surface. The rate of destruction of this 
arrangement with distance from the surface, caused by 
thermal agitation and the presence of ions, may reasonably 
be expected to be proportional to its value at any point. 
Two such systems, based on opposing surfaces, necessitate 
mutual destruction of this arrangement at the midway 
point, and energy will be required to bring the surfaces 
closer together. This appears as a repulsion between the 
surfaces, increasing as the separation decreases. The 
rigidity of the plastic body is due to this network of repul- 
sive forces. The increase in the magnitude of the forces 
with decrease in moisture content results in the well-known 
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hardening of clays. On application of shear, the particles 
slide over one another; on its removal, a similar force 
system remains, and the material is capable of retaining 
its deformed shape. According to Terzaghi’s theory, the 
clay particles are in contact at certain points and build up 
into a honeycomb or interlocking series of bridges formed 
by the smaller particles between the larger. No critical ex- 
periment has yet been devised on which to base a decision 
between these two quite dissimilar theories. A.B.S. 
Nature of clays and the alteration of their physical prop- 
erties by ch additions. C. H. ZWERMANN. Ceram. 
Age, 37 74] 122-23 (1941).—The atomic structures of the 
ollowing clay mineral groups are described: (1) the 
kaolinite, (2) the montmorillonite, and (3) the illite, seri- 
cite, or hydromica group. The effects of base exchange 
upon these structures are discussed. F.G.H. 
Nepheline. A. N. Wincuett. Amer. Mineralogist, 26, 
536-40 (1941).—A series of twenty recent analyses of 
nepheline were recalculated to the mol. % of NaAISiO,, 
KAISiO,, CaALAIO,, SiSiIO,, HAISIO,, CaCaSiO,. The per- 
centages of CaAlAIO, and SiSiO, are not usually equal, 
as would be necessary if the component were CaAl,SigOs. 
With all these components there is no simple relation be- 
tween per cent KAISiO, and the physical properties. A 
ternary diagram is given for specific gravity and refractive 
index with the end components NaAISiOQ,, KAISiO,, and 
HAISiO, + SiSiO,. This can never be more than an ap- 
proximation because the effect of the other variables is 


disregarded. W.D.F. 
Places of of ceramic raw materials in the Sudeten 
district and tectorate. Jou. Breur. Ber. Deut. 


Keram. Ges., 22 [7] 270-76 (1941).—As shown by the map, 
the Sudeten district, northwest of Vienna, is surrounded 
by granite, gneiss, and micaceous shale from various geo- 
logical ages. Quartz and feldspar have long been mined. 
The mining of feldspar is regulated not by mining law but 
by right of the land owner. While this hinders develop- 
ment, the yearly output amounts to 23,000 to 24,000 tons 
of ground or unground materials. Fire clays, with a con- 
tent of 40 to 45% Al,O;, occur in the coal mines. The 
yearly production of firebrick is placed at 30,000 tons. 
The Karlsbad kaolin region, which is about 6 sq. km. in 
area and 40 m. deep, produces the standard Zettlitz kaolin. 
The Zettlitzer Kaolin A.-G. alone produces 1400 to 1600 
tons of pure kaolin per month. In 1937 imports of kaolin 
into Germany amounted to 237,000 tons. By the annexa- 
tion of the Sudetenland and Austria, the yearly shipment 
to Germany of crude kaolin was increased from 1,400,000 
to 3,100,000 tons, corresponding to an increase in 1939 of 
400,000 to 850,000 tons of pure kaolin. Imports of quartz 
sand from Czechoslovakia in 1936 amounted to 4282.7 
tons; in 1937, 7631.5 tons. In the Sudetenland, there are 
35 clay pits, 20 kaolin pits, 5 feldspar mines, and 12 quartz 
mines; there are 39 mines in the Protectorate. Illustrated. 
W.H.H. 

Pyroxenes of common mafic magmas. H. H. Hess. 
Amer. Mineralogist, 26, 515-35, 573-94 (1941).—The 
chemical composition and optical properties are correlated, 
and some interesting by-products are given. Alkali py- 
roxenes are not included. A ternary diagram is given with 
the end memb«rs wollastonite, enstatite, and ferrosilite; 
minor amounts of trivalent oxides are omitted. Augite 
does not grade into pigeonite; they actually crystallize 
together in equilibrium with each other. The temperature 
of formation of the more magnesian pyroxene crystals, 
which are orthorhombic, is below the clino- to ortho-inver- 
sion temperature, while that of the more ferriferous crys- 
tals, which form pigeonite first, is above. On slow cool- 
ing, pigeonite inverts to hypersthene with oriented plates 
of a clinopyroxene and can thus be distinguished from pri- 
mary hypersthene. The temperature of basaltic intrusions 
does not exceed 1140°C. and normally is close to 1120°C. 

W.D.-F. 

Rheology of clay. H.H. Macey. Jour. Sci. Instruments, 
18 [8] 159-65 (1941).—The rheology of clay-water mix- 
tures, both liquid and solid, is reviewed. Discrepancies 
between different experimental and mathematical treat- 
ments of the liquid suspensions are pointed out. M. dis- 
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cusses the probable structure of the solid mixtures and their 
exceptional properties and shows how these properties 
may be explained by the supposition that the surfaces of 
the clay particles repel one another and thus appear to be 
separated by water films. 3 figures, 30 references. See 
“‘Modern . . . this issue, p. 24. J.L.G. 
Sedimentary analcite. CiareNce S. Ross. Amer. 
Mineralogist, 26, 627-29 (1941).—Near Wikieup, Arizona, 
two beds of analcite, each 1 ft. thick, are interbedded with 
sedimentary deposits of an ancient lake. Microscopic 
examination of this analcite shows that it replaces shards 
of glassy volcanic ash. The usual alteration product is ben- 
tonite, but there is little doubt that the presence of sodium 
salts in the lake was the factor which produced analcite. 
W.D.-F. 
Skeletonized apophyllite from Crestmore and Riverside, 
California. Epcar H. Bamey. Amer. Mineralogist, 26, 
565-67 (1941).—Skeletonized apophyllite is hydrous silica 
after apophyllite, which retains some of the physical and 
optical properties of the parent mineral. It has been found 
recently at Crestmore in veins with prehnite. At the New 
City quarry, crystals of alternating apophyllite and skele- 
tonized apophyllite were found. Chemical analysis showed 
the skeletonized material to be hydrous silica with 4% 
MgO. X-ray examination did not give any 5 
.D.F. 
Specific reactions between dyes and clays. H. Carson. 
Presented before Chemiedoz. Mitell- & Ostdeut., Jena, 
July, 1939. Abstracted in Angew. Chem., 52 [31] 512-13 
(1939).—For distinguishing members of ‘the more acidic 
clay substances, viz., those of the montmorillonite class, 
a weakly basic dye such as diazotized amines coupled with 
ani-ine, etc., is used. The stability of such clays on ther- 
mal treatment as well as the behavior of both natural 
and treated clays has been studied. R.L.G. 
Testing of raw materials. Jonn H. Koenic. Ceram. 
Age, 37 [5] 156-57 (1941).—K. briefly discusses the chemi- 
cal and physical testing of ceramic raw ee 
F.G.H. 
Topaz, a new industrial mineral. B. C. Burcegss. 
Eng. Mining Jour., 142 [9] 57-58 (1941).—On the site of 
the old Brewer gold mine in South Carolina, 1700 tons of 
coarse topaz are found close to the surface, some of it as tail- 
ings from placer operations. There is also a topaz shoot 
at least 50 ft. long and 8 ft. thick, containing 12,000 tons. 
This shoot may be 1000 ft. long. Cubical pieces of topaz 
were tested as grinding media in a mill in comparison with 
rounded Belgian flint pebbles. The topaz ground feldspar 
20% faster, although it lost weight faster than the flint, 
probably because of its sharp edges. Other tests showed 
that topaz could replace fluorspar as a flux in steel making. 
The fluorine is driven off at 1340°C., leaving a product suit- 
able for high-alumina refractories. Its P.C.E. is 40. It 
is a source of mullite and can also be used as an Cr 


Use of flotation increases in Illinois fluorspar field. J. 
H. Epwarps. Eng. Mining Jour., 142 [10] 47-48 (1941).— 
The Rosiclare Lead and Fluorspar Mining Co., Rosiclare, 
Ill., has installed a battery of eight froth flotation cells 
as a pilot plant before the installation of a larger plant. 
They are used to make a 98% calcium fluoride concen- 


trate from minus 10-mesh material containing 60 to 70% 
calcium fluoride. The product goes from a bin to a 1-in. 
scalping screen and then to another bin. It is fed at the 
rate of 1 ton per hr. toa 3- x 2-ft. ball mill in closed circuit 
with a classifier; this discharges a minus 35-mesh product 
to a conditioner which feeds to cells 5, 6, and 7 (the rougher 
on This concentrate feeds to cells 3 and 4 (first cleaner 
cells), next to cell 2, and then to cell 1. Cell 8 is a rougher 
scavenger. The final concentrate from cell 1 goes to a 
thickener and then to a drum type rotary filter. It is then 
dried in a kiln. W.D.-F. 

White firing Texas volcanic ash as a body ingredient. 
Forrest K. Pence. Bull. Amer. Ceram. Soc., 20 [10] 
327-29 (1941).—2 references, 4 figures. 


BOOKS AND SEPARATE PUBLICATIONS 


Geology of the Country arouud Wakefield (England). 
W. Epwarps, D. A. Wray, anp G. H. Mircue... Geol. 
Survey Gt. Brit., Mem., 1940. H. M. Stationery Office, 
London. Price 5s.—Descriptions of coal seams are given. 
The well-known and important fire clay beneath the bed 
coal is briefly mentioned, and three partial analyses are 
presented. The output of red building brick from many 
outcrops of the coal measures and from at least 16 horizons 
between the better bed coal and the Brierly coal is very 
large, but no details of these clays are given. Ganister is 
briefly mentioned. The Permian (magnesian) limestones 
are also briefly described, and three analyses of calcined 
lime are given; the limestones from which the three sam- 
ples were obtained are described as magnesian, but the 
samples contained less than 2% of magnesia. S. 

Mineral Resources of Scotland. M. MacGrecor. 
Geol. Survey Gt. Brit., S Repts. Mineral Resources 
Gt. Bru., 1940, 58 pp. H. M. Stationery Office, Edinburgh. 
Price 1s. Out of print.—A brief summary is given of in- 
formation on the resources of coal, oil shale, ironstone, non- 
ferrous metallic ores, sandstones, ganister sands, gravel, 
limestone, dolomite, refractory and other clays, building 
stones, roadstones, chromite, talc, graphite, and other 
minerals in Scotland. The chief locations are given, but no 
analyses (except of coal) are included. The publication 
is chiefly of use as a list of districts in which the minerals 
occur. The most important fire clays in Scotland are those 
in the Glenboig, Castlecary, and Bonnybridge districts and 
the bamxitic clay of Ayrshire. A.B.S. 

Preliminary Report on Flotation of Bauxite. J. B. 
CLemmer, B. H. Citemmons, AND R. H. Sracy. U. S. 
Bur. Mines. Repts. Investigations, No. 3586, 26 pp. 
Free.—The results of an investigation of the beneficiation 
of Arkansas bauxite by flotation are summarized. 

R.A.H. 

X-Ray Analysis of Crystals (Réntgenanalyse von Kry- 
stallen). J. M. N. H. Ko_kmerjer, ann C. H. 
MacGruavry. Julius Springer, Berlin, 1940. 228 pp. 
Price Rm 18; bound, Rm 19.80. Reviewed in Z. Elek- 
trochem., 46 [12] 698-99 (1940). R.L.G. 


PATENT 


Bentonite products. Brirish THomson-Hovston Co., 
Lrp. Brit. 539,982, Oct. 15, 1941 (March 25, 1939). 


Chemistry and Physics 


Analysis of compounds containing selenium. R. W. 
SILVERTHORN. Chemist-Analyst, 30 (3) 52-55, 62-63 
(1941).—Decomposition is effected by nitric or sulfuric 
acid or by sodium carbonate fusion. The sulfuric acid 
solution method is advantageous in that the selenium 
can be separated from interfering elements by volatiliza- 
tion as SeBr,. To prevent loss during decomposition with 
H,SOQ,, a method was developed comprising digestion in a 
Kjeldahl flask employing a glass wool-nitric acid trap. 
Determination is based on the iodide method. See Jour. 
Amer. Ceram. Soc., 23 [4] 116-18 (1940). A.P. 


Analytical determination of TiO, in its minerals and in 
ferrotitanate. C. Wintersrern. Z. Anal. Chem., 117 
[3-4] 81-91 (1939).—W. describes a volumetric method in 
which the Ti** ion is reduced in a special apparatus with 
zinc amalgam. The resulting Ti** is titrated in HCI solu- 
tion with FeCl,, using rhodanine salt as indicator. Rutile, 
ilmenite, and ferrotitanate were analyzed by this method. 

R.L.G. 

Brittleness of liquids. M.Kornre_p AND M. Ryv«IN. 
Jour. Phys. U.S.S.R., 2 [2] 183-85 (1940).—At a rate of 
impact deformation of about 20 m. per sec. for a liquid 
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having a viscosity of about 5 X 10? poises, a brittle destruc- 
tion was observed. This differs greatly from Tammann’s 
conclusion that a viscosity of 10'* to 10'* poises is the 
boundary between the liquid and solid states where the 
body becomes brittle. R.L.G. 
emistry of silicon. R. Scnwartz. Angew. Chem., 
53 [1-2] 6-11 (1000). —S. reviews the role of silicon in such 
compounds as the silicides, silanes, silene, silicon chlorides, 
nitrogen compounds, siloxane, silica, and the ors. 


Colorimetric determination of iron in Al, Al,O;, ROH) 
and aluminates. L. Rogiten. Z. Anal. Chem., 117 [11- 
12) 385-89 (1940).—This method is based on the pre- 
cipitation of FeS by the reaction of sodium sulfide on 
alkaline solutions containing iron. The amounts of 
Fe,O; in the materials reported ranged from 0.01 to “tat 05%. 


Colorimetric determination of iron with ko . cae M. 
L. Moss wirn M. G. Me.ton. Ind. Eng. Chem., Anal. 
Ed., 13 [9] 612-14 (1941).—A spectrophotometric study 
of the reaction between iron and kojic acid indicates that 
this compound is a suitable reagent for the colorimetric 
determination of ferric iron. Measurements were made on 
low-iron waters and on ores containing as high as 50% of 
iron. Values for the ores agreed within a few tenths of a 
——_ cent with the titrimetric values, and less —— 

F 
eerelation between elastic moduli and viscosi 
uids and A. Gemant. Jour. Applied 
12, 680-91 (1941).—G. presents a method for computing 
elastic constants and viscosity from one another. The 
equation can be used for either a given substance in a 
range of varying temperature and pressure or a series of 
chemically related materials. It can be used for silicate 
glasses as well as for simple hydrocarbons and organic 
plastics. Excellent agreement is obtained between cal- 
culated and experimental values for E or 9, using the equa- 
tion 11IOAE/T = 2.5 log » + (2.5B — 1), where A and B 
are parameters. AP 
tion of am in apatites in comparison 
with other raw W. Spenciter. Z. Anal. 
Chem., 114 [11-12] 28-400 (1938).—The percentage of 
P,O; in apatites can be determined in the same way as that 
in other raw phosphates, viz., by decomposition with 
H;SOQ,. The insoluble residue contains uniformly about 
0.1% POs. R.L.G. 

Developments in ion-exchange materials. G. S. RAn- 
sHaw. Chem. Age [London], 44 [1129] 95-97 (1941).— 
Until a few years ago, the only commercial base-exchange 
materials were natural zeolites, but others are now used. 
The zeolites correspond to the general formula MO-- 
Al,SiO;-nSiO.,mH,0, where n usually lies between 3 and 6 
and m between 2 and 6. Synthetic zeolites are prepared by 
treating sodium silicate with aluminum sulfate, by the 
fusion of silicates and aluminates of soda, or by the alkaline 
treatment of certain blast-furnace slags. Organic exchange 
materials are becoming increasingly important, especially 
those of the synthetic-resin type; they are described in 
detail. A.B.S. 

Direct determination of vanadium in the presence of 
titanium and iron. Sanprorp S. CoLe AND CHARLES A. 
Kumins. Bull. Amer. Ceram. Soc., 20 [10] 329-31 (1941). 

Effect of furnace atmosphere on colors derived from 
chromic oxide. Witt1am L. Peskin. Bull. Amer. Ceram. 
Soc., 20 [11] 402-11 (1941).—12 references, 14 figures. 

Influence of ion radius and valence of cations on the 
viscosities of silicate melts. K. ENpELL AND H. HEL1- 
BRUGGE. Angew. Chem., 53 [25-26] 271-73 (1940).— 
The results obtained by measurement of the viscosities of 
silicate melts are treated from a theoretical standpoint. 
If other factors are excluded, on the addition of equal 
numbers of cations to the SiO, network of silica glass, 
the resulting viscosities will be lower, the higher the va- 
lence of the cation. This is due to the number of Si-O-Si 
bonds broken. In comparing the effects of R,O and RO 


on the viscosity, however, it is assumed that the R,O pro- 
duces a complete separation of SiO, tetrahedra, while the 
similarly, when cations of the 


RO acts to bond them; 
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same valence are considered, those with higher field 
strengths form strong R-O bonds which contribute toward 
a lower viscosity. Lower field strengths result in con- 
figurations like those of higher valence cations, and this 
produces higher viscosities. The variation of viscosities 
of sodium silicate melts with changing Si/O ratios indicates 
the presence of the metasilicates or orthosilicates in the 
fluid state. R.L.G. 


Intermediate stages in transformations and the catalytic 
influence of gases upon this process. G. F. Hvrric. 
Angew. Chem., 53 [3-4] 35-39 (1940).—H. reviews pre- 
vious work on the transformations +- to a-Al,O; and anatase- 
rutile. Two important questions considered are as follows: 
(1) What do the solubilities indicate as to the intermedi- 
ates and processes? (2) Of what nature is the influence 
of foreign gases upon these transformations? By X-ray 
and solubility determinations, changes in the surface and 
lattice of y-Al,O; and anatase are followed for various 
temperatures. The influence of HCI gas upon the trans- 
formations is similarly determined. See “Increase . 
Ceram. Abs., 20 [11] 263 (1941). R. L.G.’ 


Investigation of various methods for determining F in 
silicate rocks. O. Hacxi. Z. Anal. Chem., 116 [3-4] 
92-102 (1939).—The limits of sensitivity and interfering 
materials were studied for the titanium peroxide method, 
the iron-rhodanine method, the lanthana method, and the 
zircon-alizarine method for determining F in silicate rocks. 
The last method was the most sensitive. R.L.G. 


Mechanism of thermal transformations of silicates with 
layer and double-chain anions. E. Tuio. Presented 
before Chemiedoz. Nordwestdeut., Aug., 1939. Abstracted 
in Angew. Chem., 52 [35] 579 (1939).—The heating of 
members of the amphibole group (double-chain anions) 
such as tremolite or anthophyllite transforms them into 
pyroxenes with simple anion chains. In the case of layer 
anion silicates such as talc or pyrophyllite, heating results 


in minerals derived from a basic group, SizQ,". See 
“Chemical .. . ,”” Ceram. Abs., 19 [1] 25 (1940). 
R.L.G. 


Neutral point and equivalence point of oxide melts. H- 
Lux. Presented before Chemiedoz. Sudwestdeut., April, 
1939. Abstracted in Amgew. Chem., 52 [20] 371-72 
(1939).—The acidic or basic character of oxide melts can 
be determined by the estimation of the O*?~ concentration 
by potentiometric measurement. For single compounds 
such as Na,CO; or Li,SOQ,, this oxide concentration cor- 
responds to the equivalence points. The neutral point in 
potentiometric measurement is attained when the partial 
pressures of the components correspond to the composi- 
tion. These points are determined for melts of Na,;SO,, 
LigSO,, Na;CO,, LigCO;, NaPO;, Na;sPQ,, NazB,O;, 
NaBO,, and Na;BO;. See “Reactions... ,"’ Ceram. 
Abs., 20 [5] 129 (1941). R.L.G. 

Precipitation of carbonates, borates, silicates, and ar- 
senates. P. E. Gacnon, L. CLouTierR, R. MartI- 
NEAU. Can. Jour. Research, 19B [8] 179-204 (1941).—A 
study was made of the precipitation at room temperature 
of the carbonates of cadmium, cobalt, and nickel, the 
chromate of beryllium, the borates of zinc, the silicates 
of copper, and the arsenates of lead. A rapid-mixing ap- 
paratus was used which insured that the precipitations 
took place in a homogeneous liquid medium. In each 
series of experiments, the concentration of one reacting 
solution was kept constant and that of the other was system- 
atically varied. The valués of the molar ratio of oxides, 
e.g., CdO/COs:, in the precipitates were found by analysis. 
If they remained constant with different concentrations 
of reactants, a definite compound was indicated. The 
normal cadmium carbonate was obtained. The following 
three definite basic compounds, not described in the litera- 
ture, were prepared: a definite basic carbonate of cobalt, 
5CoCO;-Co(OH):, and two definite basic arsenates of lead, 
and Di-lead 
arsenate, PbHAsQ,, was easily precipitated, but tri-lead 
arsenate, Pb;(AsQ,):, was precipitated only under very 
specific conditions. The other precipitates were all mix- 
tures. The influence of the hydrogen-ion concentration 
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of the solutions on the composition of the precipitates 
formed was determined. G.A.K. 

Properties of soluble silicates: I. C. H. Jecium. 
Chem. Industries, 49 [4] 440-45 (1941).—The manufacture, 
characteristics, and grades of the commercially available 
silicates of soda are discussed in detail. They are used as 
detergents, in enamels, and as binders in cements, paints, 
and abrasive wheels. Potassium silicates are used as 
binders in carbon arc pencils where the yellow sodium 
flame is objectionable and in special paints and coatings 
where freedom from efflorescence is important. R.D.M. 

Quantitative spectrometric determination of fluorine. 
W. Paut anp C. KARRETH. Angew. Chem., 53 [49-50] 
573-76 (1940).—To determine quantities of F as low as 
13y, a spectrometric method has been developed. SiO; 
and H,SQ, are added to the sample, and SiF, is evolved. 
This takes place to within 1.5% of the total F content as 
determined by a titration method. The SiF, is dissolved 
in fused lead borate, and the percentage of Si is determined 
by comparison of a silicon line and a lead line, the latter be- 
ing a constant quantity. In this way, 0.005% Si could 
be determined, corresponding to 13y of F in a 0.15-gm. 
sample. R.L.G. 

Short volumetric method for the determination of iron in 
silicates. C. M. Nicnortson. Bull. Amer. Ceram. Soc., 
20 [10] 331-34 (1941).—5 references, 1 figure. 

Sodium al tes, formation and application. H. 
SIEGERT. Angew. Chem., 53 [23-24] 250-55 (1940).— 
The preparation of sodium aluminates and their appli- 
cation in the purification of water and lubricating oils, in 
the sugar and paper industries, and in the impregnation 
of cloth are discussed. R.L.G. 

Sodium silicate adhesives. E. R. Boiier, J. E. Lan- 
DER, AND R. Morenouse. Presented before Technical 
Assn. of U. S. Pulp and Paper Industry. Abstracted in 
Can. Chem. & Process Industries, 24 [7] 339 (1940).— 
Sodium silicate having a silica-soda ratio of about 2.8 
shows the greatest adhesive strength for fiber board. 
Solutions should range from 40° to 42.5° Bé. at 60°F. The 
dispersion of clay does not affect the adhesive property of 
the solution but increases the plasticity. The adhesive 
bond is formed by loss of water. The critical concentra- 
tion, at which removal of a small amount of water results 
in a great increase in viscosity, varies directly with the 
temperature of the silicate and inversely with the — 
soda ratio. B.L. 

Specific heat of manganese from 16° to 22°K. R. G. 
ELson, H. Grayson SMITH, AND J. O. WILHELM. Can. 
Jour. "Research, 18A [5] 83-89 (1940).—A calorimeter 
for routine measurements of specific heats in the tempera- 
ture region of liquid hydrogen and liquid helium is de- 
scribed. It is designed so that samples can be interchanged 
without disturbing the calibration of the thermometer or 
the water equivalent of the calorimeter. The calorimeter 
was used to measure the specific heat of manganese from 
16° to 22°K. The atomic heat of this metal is given by 
the following formula: 


c = 0.00421T + 464 [a0]: 
G.A.K. 
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) um on color standards and measurements: I, 
M of designating color. Deane B. Jupp. Buill. 


Amer. Ceram. Soc., 20 [11] 375-80 (1941).—12 refer- 
ences, 5 figures. etry of ceramic ma- 
terials. Frep H. Emery. IJbid., pp. 381-84.—9 references, 


8 figures. III, Color standards for opaque ma- 
terials. Campsett Ropertson. Ibid., pp. 385-86.—2 
references. IV, Readily visualized system for measuring 
the color of surfaces. RANDAL M. ROBERTSON AND 
H. Muiuican. Ibid., pp. 387-91.—2 references, 
6 figures. V, Measurement and d tion of small color 
differences. Isay A. Ibdid., pp. 392-—402.— 
12 references, 6 figures. 

Theory of the plastic properties of solids. F. Serrz anp 
T. A. Reap. Jour. Applied Physics, 12, 470-86, 538-54 
(1941); see Ceram. Abs., 20 [8] 205 (1941). A.P. 

Transformations and reactions on heating y-FeOOH and 
CdCO;. W.Scurépver. Z. Elekirochem., 46 [12] 680-97 
(1940).—The transformations in the structures of gamma- 
iron hydroxide and CdCO, and the steps in the reaction 
of equal molecular proportions of these in the solid state 
to form the spinel are followed by a radioactivity emana- 
tion method. A stream of dry air is passed over the com- 
pounds, which contain radioactive thorium nitrate, heated 
at the rate of 5°C. per min. Conductivity changes of the 
thoron-bearing air are measured by an electroscope. These 
changes are correlated with X-ray and chemical data. 
The conclusions are as follows: (1) y-FeOQOH dissociates 
rapidly at 250°C., giving y-Fe,O;; above 350°C. the latter 
gives a-Fe,0;; (2) CdCoO;, dissociates above 350°C. and, 
at 500°, begins to react with a-Fe,O;; at 730°C. the spinel 
CdO- FeO; crystallizes out, and above 900°, CdO volatil- 
izes. R.L.G. 


BOOK 


Table of Reagents for Inorganic Analysis (Tabellen der 
Reagenzien fiir anorganische Analyse). Edited by C. J. 
VAN NIEUWENBURG, W. BOtTcer, F. Feici, A. S. Kom- 
AROVSKII, AND N. SHaFrorp. Akad. Verlag.m.b.H., Leip- 
zig, 1938. 409 pp. Price Rm 36. Reviewed in Angew. 
Chem., 52 [1] 48 (1939). R.L.G. 
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Manufacture of antimony oxides. A. R. Bozarrn 
(Harshaw Chemical Co.). U. S. 2,258,441, Oct. 7, 1941 
(Dec. 27, 1939). 

Preparation of alkaline-earth metal carbonates in the 
form of relatively fine slow settling os. A. H. 
Stevens (Pittsburgh Plate Glass Co.). Brit. 540,044, 
Oct. 15, 1941 (Dec. 7, 1939). 

Process for colored titanium pigments. H. H. Scuav- 
MANN (E. I. du Pont de Nemours & Co.). U.S. 2,257,278, 
Sept. 30, 1941 (Aug. 23, 1939).—A process for the pro- 
duction of colored pigments having a tint within the range 
of light yellow to dark buff which are substantially free 
from compounds of chromium comprises calcining a mix- 
ture comprising white titanium oxide, a compound of anti- 
mony, and at least one member selected from the group 
consisting of compounds of nickel and cobalt. 


General 


Edward Goodrich Acheson. Howarp R. BARTLETT. 
Research—A National Resource: II, Industrial Research, 
pp. 31-32 (see this issue, p. 31); reprinted in Bull. Amer. 
Ceram. Soc., 20 [10] 342-43 (1941). 

Air conditioning for improvement of work 
in hot working places. W. Lise. Glastech. 

Foundation name changed to Industrial 
dation of America,Inc. ANon. Bull. Amer. 
Ceram. Soc., 20 [10] 374 (1941). 


conditions 
er., 19 [4] 
.F.H 


Assay office dust contro! at Mines, 
Ltd. . Revpen Yourt. Trans. Can. Inst. Mining & 
Met., 44, 423-34 (1941). G.M.H. 


Carborundum Co. exhibit. Anon. Bull. Amer. Ceram. 
Soc., 20 [10] 373 (1941). 

Ceramic school activities in 1941—graduates. ANON. 
Ceram. Age, 37 [6] 179-209 (1941).—The various courses 
of ceramic instruction, the physical equipment, and the 
teaching and student personnel of the following institu- 
tions are presented in detail: (1) University of Alabama, 
(2) University of Southern California, (3) Georgia School 
of Technology, (4) University of Illinois, (5) Iowa State 
College, (6) Massachusetts Institute of Technology, (7) 
Missouri School of Mines, (8) New York State College of 
Ceramics, (9) University of North Carolina (State Col- 
lege), (10) Ohio State University, (11) Pennsylvexis State 
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College, (12) University of Pittsburgh, (13) Rutgers 
University, (14) Virginia Polytechnic Institute, (15) Uni- 
versity of Washington, (16) West Virginia University, 
(17) Carnegie Institute of Technology, and (18), Univer- 
sity of Texas. Illustrated. F.G.H. 

Clay conveying t. Anon. Engineer, 171 [4448] 
245-47 (1941).—A belt conveyer system for handling the 
clay from the pit to the plant is described. This system 
is built up from short, light, easily handled sections which 
are quickly joined and separated and easily lengthened 
and shortened. The return belt is protected from spillage, 
and part or all of the system is easily movable into a new 
position when required. Only three men are required to 
run this conveyer system; one drives the excavator, the 
second gets stone out of the face from the digger cut, and 
the third supervises the whole length of the conve 
Illustrated. See “‘Aerial . ,”’ Ceram. Abs., 20 {11] 267 
(1941). 

Coordination between industries in industrial research. 
C. G. WorTHINGTON. Research—A National Resource: 
II, Industrial Research, pp. 85-87 (see this issue, p. 31); 
reprinted in Bull. Amer. Ceram. Soc., 4 [11] 424 (1941). 

Demolition of a smokestack. R. A. TREBILCOCK. 
Explosives Engr., 18 (8) 234-36 (1940).—The removal of a 
140-ft. brick stack by means of explosives is described. 
Diagrams show the location of drill holes in the stack, and 
details of the powder used are given. G.A.K. 

Detection and prevention of early plumbism. K. Rant. 
Trans. Can. Inst. Mining & Met., 44, odeed 6K 

.M.H. 

Disabling sickness among 2000 white male glass- 
workers. W.M.Gararer. U.S. Pub. Health Rept., 56, 
1791-08 (Sept., 1941).—This report deals with sickness 
and nonindustrial injuries causing disability lasting 8 cal- 
endar days or longer among approximately 2000 white 
male workers in the glass industry for 5 years (1930-1934). 
G. found that the frequency of disability calculated by 
broad diagnosis groups compared favorably with that ex- 
perienced by 170,000 male industrial workers. The 
number of days of disability due to rheumatic diseases 
(acute and chronic rheumatism, lumbago, neuritis, and 
sciatica) was over 50% greater than that due to influenza 
and grippe. Grinders, outside workers, and finishers 
experienced frequency, disability, and severity rates well 
above the average for the entire group of workers. 15 
references, 4 tables. See “Sickness... ,” Ceram. Abs., 
20 [8] 208 (1941). K.R. 

Dust con pment. Anon. Brick & Clay Record, 
98 [2] 51-52 ( 1941).—The main types of exhaust systems for 
dusty operations are briefly reviewed. Efficiency of both 
men and machines may be increased through proper dust 
control. B.C.R 

Dust hazards in industry. W. E. McCormicx. Bull. 
Virginia Polytech. Inst., No. 38, pp. 31-36 (Jan., 1941).— 
The desirability and need of dust control in industry are 
discussed. Dusts are classified as (1) nuisance, (2) toxic, 
and (3) explosive. The latter two are treated in detail. 
Methods of dust counting and types of dust-counting ap- 
paratus are described; the interpretation of results ob- 
tained from collected dust samples is discussed. Protec- 
tion of the worker from industrial dust hazards is ap- 
proached from the standpoints of (1) good housekeeping, 
and (2) personal protective equipment. P.S.D. 

te ina clay mine. C.S. MatHensy. Explosives 
Engr., 19 [8] 227-39 (1941).—M. describes the mining 
operations of a large plant manufacturing building and in- 
dustrial units. The mine is worked on the room-and- 
pillar system. Recovery is approximately 80%. A dia- 
gram shows the location of holes and the firing order for the 
drilling and blasting. G.A.K. 

Electric shock, electric burns, and their treatment. 
A. E. Gorpin. Ind. Med., 10 *'3] 87-91 (1941).—Im- 
mediate treatment of electric burns or electric shock 
should be general, the burns being temporarily forgotten. 
A person who has come in contact with high voltage or any 
electricity should be immediately removed from the cir- 
cuit and placed upon the ground. Those assisting the 
patient must be insulated from him and from live wires. 
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Artificial respiration, immediate and continuous, is the 
first requisite. After respiration is established, the patient 
should be kept absolutely quiet for at least one hour; he 
may then be removed to the hospital as carefully as pos- 
sible. As electric sheck is generally due to asphyxia follow- 
ing respiratory paralysis, the brain centers are overstimu- 
lated and no drugs should be given. Secondary respiratory 
shock may ensue from the severe pain of the burns, as the 
patient becomes conscious, and from his highly nervous 
condition. G. distinguishes in detail the differences be- 
tween an electric burn and the ordinary fire burn. He 
urges great slowness and patience in caring for such burns. 
Methods of treating gas gangrene and delayed severe 
hemorrhage are outlined carefully. G. warns against haste 
in resorting to operation. Generally, his results in treat- 
ing burns and preventing permanent paralyses or per- 
manent neuroses have been good. He has been unsuc- 
cessful with serum and drugs of the sulfanilamide type. 
Tetanus antitoxin should be administered. Bone involve- 
ment does not show in X rays and seldom appears before 
6 to 12 weeks have elapsed. Skin grafting is usually suc- 
cessful if not attempted too soon. Early compensation 
settlement greatly benefits the patient’s nervous condi- 
tion. The same principles in treating shock and burns 
apply for patients struck by lightning. K.R. + F.S.M. 


Electrome = W state. A. E. DRUCKER. 
Mining Congress , 27 [9] 44-47 (1941).—The Grand 
project will furnish electricity at 2 mills per kw.-hr. 


or less, the cheapest in the nation. Experiments are being 
conducted for the effective utilization of this power in the 
production of magnesium, aluminum, alloys, manganese, 
electrothermic zinc, chromium salts, iron and steel, cal- 
cium carbide, fused silica glass brick, etc. Aluminum re- 
duction plants are now being erected and will use bauxite 
shipped in. There is much high-alumina and low-iron clay 
that might be used for aluminum production. By-prod- 
ucts would be high-grade kaolin, silica sand, muscovite, 
aluminum sulfate, and alumina. The process for prouc- 
tion of magnesium is now in the pilot plant stage. Magne- 
site concentrates are mixed with carbon and heated to 
2300 °C. by an electric arc. The reduced metal vapor from 
the furnace is chilled by an oil spray to 200°C., and the 
magnesium is collected; it is purified to 99.97% by one 
— The cost of production should be $0.10 per 
W.D.-F. 


Elementary } wy in dust and vapor filtration. H. 
WITZMANN. Elektrochem., 46 [5] 313-21 (1940).— 

The basic laws of aerosol filtration are discussed, together 
with experiments on filter materials of known porosity 
and structure with definite test vapors. The condensa- 
tion aerosol of the dye Sudanrot G is used as a test vapor. 
With multiple-layer filters of cellulose and rayon, the de- 
posit of the precipitated vapor within the filter cross sec- 
tion follows a simple absorption law. The percentage ab- 
sorption power for numerous paper and silk filters, as well 
as for filter brick and Jena glass frits, was determined. 
The fundamentals of the separation of dust particles by 
sedimentation, reflection, and spinning out are transferred 
to aerosol filtration. The controlling significance of flow- 
ing motion for aerosol filtration is proved. Laws found 
for the system drying filter-aerosol are likewise basic for 
the filtration of liquid suspensions. J.M.N. 


eering versus tuberculosis. K. G. F. Co- 
LENDER AND H. G. Joun. Trans. S. African Inst. Elec. 
Engrs., 32 [6] 190-215 (1941).—The apparatus used for 
rapid routine miniature X-ray photography of the lungs 
of native mine workers is described. eee 7 
L.W.V. 


¥ Expert opinions about pneumoconiosis (silicosis). E. 
Beitr. Klin. Tuberk., 95, 286-311 (1940).— 
Only “‘serious’”’ silicosis is compensated in Germany. 
New connective tissue formation in the lungs must dimin- 
ish respiratory capacity and affect the circulation so that 
there is a considerable decrease in bodily efficiency. G. 
has examined the respiratory and cardiovascular function 
in 300 silicotics in the past five years. Thirteen cases and 
their conclusions are discussed in detail. F.S.M. 


‘ 


1942 


Historical milestones in occupational medicine. A.- 
FRED H. WHittakerR. Ind. Med., 10 [8] 331-33 (1941).— 
In the ‘“‘Anatomy of Human Bodies,’’ published in London 
in 1694 from the Latin of Isbrand de Diemerbroeck (trans- 
lated by G. Salmon), the following observation occurs: 
“In the year 1649 I dissected a Stone-Cutter’s Boy that 
dy’d of an Asthma, in whose lungs I found a great quan- 
tity of Stone-dust suck’d in with the Air and stuffing al- 
most all the Vessels, insomuch that I seem’d to cut through 
a heap of Sand; so that the vesicles being filled with Dust, 
could not admit the Air, which was the occasion of the 
poor Fellow’s Death. The next Year two like cases hap- 
pened of Stone-cutters that Dy’d of an Asthma and were 
by me dissected in our hospital.... Wesawa Third that 
dy'd of an Asthma, who was wont to cleanse Feathers for 
Beds, whose Lungs were stuff’d full of the Dust that 
usually thers among those Feathers.” See Ceram. 
Abs., 20 |8) 207 (1941). K.R. 

Industrial hygiene progress d 1940. WARREN 
A. Coox. Ind. Med. [Ind. Hyg. Sect.], 10 [10] 48-54 
(1941).—In the section devoted to dust, C. states that 
the most spectacular evidence of progress in the dust 
diseases in 1940 is the continuing experimentation with 
aluminum in the prevention and cure of silicosis. In an 
Arizona metal mine, bombs of aluminum powder exploded 
on signal in the headings cause the admixture of the silica 
dust with approximately 1% aluminum dust. At another 
location, the lungs of a group of men which show pul- 
monary changes are dusted every day with aluminum 
dust. Such experiments, however successful, are not con- 
sidered a substitute for dust control. Continuing preva- 
lence of silicosis is shown in statistics from Ohio. In less 
than 3 years since the inclusion of silicosis in the compen- 
sation law, 131 silicosis claims out of 387 filed have been 
approved, with 66 pending. The foundry and the ceramic 
industries contributed 90% of these Ohio claims. Figures 
released for 1941 show the same trend. In major tunnel- 
ing operations carried on in New York, Pennsylvania, and 
North Carolina, safety precautions of the state depart- 
ments, insurance companies, and contractors were carried 
out. Results of the operation of the New York dust code 
for rock drilling are reported, together with the distribution 
of rock of various free-silica averages. When free silica 
averages more than 10%, dust-control measures must keep 
the concentration limit at 10 million particles. This 
mineralogical situation appreciably assists the adminis- 
tration of the code by reducing the number of borderline 
cases. Effective dust-control measures were applied by 
L. P. Hatch and D. F. Shaw, engineers in the large crushed 
stone aggregate plant of the TVA Hivasse Dam Project, 
in structural details of the exhaust ventilation system and 
by determinations of dust concentrations. New Jersey 
and Wisconsin incorporated laws for dust control and dust 
collection in roofing granule plants. Numerous technical 
studies appearing during the year enlarged the —_ of 
practical attainments. 

Industrial medicine and the origin and causes of tn. 
H. HALLERMANN. Zentr. Gewerbehyg. & Unfallver- 
hiit., 27, 113-19 (July, 1940).—H. refers to the frequency 
with which a patient seeks reasons for impaired health and 
lowered resistance in his work. A man’s thoughts and feel- 
ings revolve around his work. As the most important and 
effective stimulus biologically, it is indispensable. Work 
is no mere mechanical operation; it stamps the personality 
of the man. The industrial physician is therefore almost 
forced to consider functional rather than morphological 
considerations first. As an example, H. cites the farm 
hand who has difficulty adapting himself to factory work; 
circulatory and digestive disturbances often accompany 
the adjustment. Other men inexperienced in factory 
work may react with neuroses and symptoms of exhaustion. 
Both types of men, not fit for factory work, frequently 
develop endocrine and autonomic disturbances. The 
type of men fit for humid work and the reaction of men to 
night work are discussed. Dyspepsia, gastritis, and other 
disturbances arise when adaptation is not successful. 
Beginnings of disease are shown in headache, marked 
fatigue, slight dizziness, general circulatory and heart 


General 


distress, short breath, and retardation. The relative per- 
centage breakdown for such symptoms, varying from 
3.9 to 11.2% in ten industrial groups, is shown in a chart 
with accompanying graphs of relative annual curves of im- 
pairment. The unskilled worker, having developed less 
personality and had little training, manifests these disease 
beginnings four times more often than the skilled hand 
worker; hence he is more of a sociological problem. Scar- 
city of employment affects one group of unskilled laborers. 
Work in itself does not undermine the health. Capacity 
for strain and disease are strongly influenced 
by constitutional factors. H. emphasizes work rhythms 
as overcoming the disease beginnings cited. Work proc- 
esses are not isolated or separated but correlated into 
harmonic movement chains. In 100 cases of heart muscle 
impairment in men between 50 and 65, slow rhythms, with 
pauses, followed by accelerations, resulted in sudden rises 
of physical efficiency with possibilities of permanence. 
Pathogenic tendencies to ulcers, neurotic conditions, and 
work paralyses were similarly controlled or benefited. 
Racial adjustments among varied groups in Germany 
assisted in re-establishing the concept of ‘‘well-being 
through wholeness.’”” The rhythm procedure of practical 
therapy is not given. K.R. + F.S.M. 

Lead Anon. Times Trade & Eng., 48 [924] 
10 (1941).—The nature of the wood and the slip used in 
manufacturing lead pencils are described. The slip is com- 
posed of graphite and clay, impregnated in a final stage 
with fat. The graphite is finely ground and mixed with 
clay and water in an edge-runner mill; 4 hr. are required 
for each batch of about 75 Ib. The relative proportion of 
graphite to clay is the sole variant, giving eventually the 
grade of lead required which ranges from 6B to6H. The 
paste is pressed to remove some of the moisture, and the 
resulting cakes are cut into small pieces which are then 
compressed into cylinders. The cylinders are compressed 
through a sapphire orifice and emerge as a series of con- 
tinuous threads. These are dried and fired at 600° to 
700°C.; when cold, they are impregnated with fat. The 
whole process of manufacture requires about three months. 
The method of making the wooden slats, fitting the lead 
into them, and then making them into pencils is described. 
In one works, 500 different grades of pencils are made, 
about one million a week being produced. A.B.S. 

Gustav E. F. Lundell, Chief Chemist, National Bureau 
of Standards. A. D. McFapyen. Chem. Industries, 48 
[4] 435, 496 (1941).—The work of the Bureau under Lun- 
dell’s administration is described. E.D.M. 

L dusted with aluminum treatment for dread 
silicos D. Irwin. Science News Letter, 38 [17] 268 
(1940).—Aluminum dust inhaled through a tube held in 
the mouth is apparently working to check the further 
ravages of silicosis in men already suffering from that 
disease. G.A.K. 


Mineralogical examination of the silicosis question. H. 
J. H. Upturtr. Jahrb. Preuss. Geol. Landes- 
anstalt, $9, 727-54 (1939).—Sericite, kaolin, and feldspar 
were the most important substances found in the lung of 
a silicotic miner. There was no quartz. The wash liquor, 
however, contained an important quantity of colloidal sil- 
icic acid. The pH is most important in dissolving the silica 
in the tissues, and it correspondingly plays an important 
part in determining the course of the disease. The dis- 
solved substances correspond to the physicochemical re- 
action of the dust particles and the fluids of the body and 
are either eliminated without harm or produce callosities 
by precipitating out from silicic acid. See Ceram. Abs., 

M, 


20 [8] 207 (1941). F.S. 
Plaque of ceramic enginee 
—— ANON Amer. Ceram. Soc., 20 [10 


{11] 415 

examination. Harry A. NELSON. 
Ind. Med., 9 |9| 451-55 (1940).—N., Director of the Work- 
men’s Compensation Department of the Wisconsin In- 
dustrial Commission, shows how pre-employment exami- 
nation as conducted in Wisconsin is of mutual benefit to 
employer and employees. K.R. 
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illustrations for technical papers. P. E. 
FITZGERALD. Mining & Met., 22 [417] 454-55, 465 
(1941).—Ideas presented by a speaker may be grasped 
more readily throu —_ the use of carefully prepared illustra- 
tions. Care should be taken to make them simple and to 
use legible printing and a scale of sufficient size. F. gives 
rules governing the following aspects of an illustration: 
layout, weight of lines, subject layout, and lettering. 

B.C.R. 

Research in industry. Water S. Lanois. Chem. 
Industries, 48 [3] 296-99 (1941).—Research is analyzed 
from an industrial viewpoint. The direction and organi- 
zation of research institutions, the types of investigations 
to be carried out, and the amount of money to be devoted 
to research are di with regard to the varied re- 
quirements of different types of businesses. E.D.M. 

Roentgen research on the fine structure of the lungs of 

workers: IV. H. GArtNger. Arch. Gewer- 
epath. & Gewerbehyg., 10, 151-63 (July, 1940).—G. be- 
lieves that earlier studies of occupational dust in the lungs 
of workers were unduly concerned with the identification 
of quartz. Other mineral dusts were thought mere asso- 
ciaies, and a kaolin content in a lung was thought to be 
only an accident. A high silicosis hazard has long been 
known to exist among workers who prepare the materials 
in the porcelain industry. For subsequent stages of the 
work, Koelsch made, for 1339 porcelain workers, per- 
centage calculations of their chances of acquiring either 
severe or medium forms of ‘silicosis after 11 continuous 
years in the industry. G. has been using Roentgen in- 
candescent fine-structure equipment and methods for the 
study of unknown occupational dusts in the lung for some 
time. He presents the qualitative results obtained from 
lung sections of 10 porcelain workers and 1 fluorspar 
worker, all of whom had severe silicosis and had been em- 
ployed in the industry from 9 to 42 years. Pertinent facts 
are given for each individual worker, together with his 
Roentgen diagram. G.’s procedure in preparing the lung 
material is outlined. The resulting solutions were studied 
for silica, aluminum, iron, and calcium, after an incan- 
descent exposure of 1'/, hr. in the Roentgen apparatus. 
For a comparison of the findings, chemical analyses were 
made of the lung substance reserved for the purpose. 
Diagrams of cases 1 and 2 showed lines of sillimanite; 
case 3 showed lines of kaolin as well as sillimanite and is 
transitional to cases 4 to 10 which, collectively, showed 
kaolin to be predominant. A line of quartz appeared in 
all these cases in varying proportions, case 7 showing the 
most. Heightening of the incandescence for case 7 caused 
a loss of structure of the kaolin in the direction of SiO:; 
further incandescence caused the structure to return 
toward kaolin again. No explanation for this is given. 
Case 11 showed third-degree fluorspar silicosis, but the 
fluorspar could not be established by the Roentgen dia- 
gram. Quartz lines and those of calcium phosphate ap- 
peared. The results in this case were difficult to inter- 
pret with certainty. See Ceram. Abs., 20 [2] 59 (1941); 
“X-ray . ” «bid., [8] 209. K. R. 

Rookwood Pottery sold. ANON. Bull. Amer. Ceram. 
Soc., 20 [11] 423 (1941). 

Silicium, silicates, silicosis. W. Giese. Klin. Woch- 
schr., 19, 558-60 (1940).—Rabbits were injected intra- 
venously with finely ground silicate dusts, i.e., clay, feld- 
spar, and sericite. Deposits of the dust were found in the 
spleen, liver, and lymph glands, but there was no increase 
in fibrous tissue. Opal (amorphous silicic acid) was also 
injected, and large deposits of dust with many giant cells 
were found, but no fibrous tissue. Opal is more soluble 
than quartz, and it is therefore concluded that the dissolved 
silicic acid alone is not the fibrous-producing substance. 
Quartz is the only substance producing silicosis. Dust 
taken from markedly silicotic lungs was also injected, and 
this again produced silicosis. A decrease in the amount 
of the injected dust could not be found. G. shows the 
formation of a covering, characteristic of asbestosis bodies, 
by feldspar, sericite, and opal, but in the smallest particles 
only, in the cellules. He concludes that dissolved silicic 
acid but not the quartz may produce this covering. Quartz 
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shows no morphologically demonstrable appearance of 
dissolutivun; in the tissue, the dust deposited in callosities 
retains its fibrous producing effect. F.S.M. 
control. Ape.ame Ross Smirn. Safety 
Eng., 83 [3] 41-42 (1941).—An X-ray survey of two 
plants manufacturing water-soluble paints made of cal- 
cimine and related substances indicated that a substan- 
tial silicosis hazard existed. Of the men examined in the 
two plants, 8.3 and 13.8% showed silicosis. The cause 
must be sought in the white pigment materials used. It 
is probable, however, that the basis for most of the cases 
was laid years ago, before the industry realized the need 
for dust control. W.J.L. 
and silicosis with tuberculosis. H. K. Tay- 
LOR AND H. ALEXANDER. Ind. Med., 10 [9] 365-74 
(1941).—For the more discriminative diagnosis of pure, or 
uncomplicated, silicosis, of pulmonary tuberculosis, and 
of silicotuberculosis in workers, the authors emphasize 
the importance of better occupational history and of the 
fact that the properties of free silica alone and not merely 
a dusty atmosphere are responsible for the typical char- 
acteristic fibrosis of silicosis. The application of these 
requisites is demonstrated in 19 cases recently studied 
by the authors for 18 months in the Seaview Hospital, 
New York. Four were pure silicosis cases and 15 were sili- 
cotuberculosis cases; 3 additional cases were related to 
problems under consideration. Case histories of the 19 
are given, and individua! roentgenograms are presented. 
What constitutes a reliable occupational history is fully 
shown. An earlier study of 66 cases made by the authors 
in 1938 first called their attention to the diagnostic diffi- 
culties involved. K.R. 
Silicosis and silicotuberculosis: II, Critical examination 
of Differential diagnosis between sili- 
cosis and other pulmonary diseases. E. Gausatz. Deut. 
Tuberk.- Blatt, 15, 32-40 (1941).—G. presents a good de- 
scription and reproductions of X-ray films of silicosis at 
different stages. He discusses differential diagnosis, il- 
lustrating the differences in films of silicosis, tuberculosis, 
miliary tuberculosis, cardiac lung, and carcinoma. See 
“Critical . . . ,” Ceram. Abs., 20 [4] 106 (1941). a 
F.S.M. 


Technologist’s place in the world of today. Wa tace P. 
Conor. Chem. Industries, 48 [6] 718-23 (1941).—The 
functions of technology, the field of the technologist, and 
the technologist’s place in society and industry are dis- 
cussed. E.D.M. 

Triple smokestack demolition. R. L. Kuiorz, Jr. 
Explosives Engr., 19 [7] 195-98 (1941).—K. describes the 
razing of three identical tile and brick smokestacks, each 
120 ft. high, by the use of dynamite. Diagrams of one of 
the stacks show the arrangement and firing order of the 
holes. G.A.K. 

Underground crusher dust control at Lake Shore Mine. 
O. E. ANprew. Trans. Can. Inst. Mining & Met., 44, 
413-22 (1941).—Since the installation of a Dracco filter 
at the 3825-ft. jaw crusher station, the dust condition is 
much improved and the crusher men need no longer wear 
respirators. Dust counts at the conveyer discharge have 
been reduced by 77%; however, the existing amount of 
dust is still considered to be unsatisfactory, and it is ex- 
pected that changes which will soon be made will reduce 
the average dust counts by at least 400 particles per cc. 
of air. A 5-cc. Devers circular konimeter was used in 
making the dust counts. G.M.H. 

Edward Ray Weidlein, Director of Mellon Institute. 
A. D. McFapyen. Chem. Industries, 48 [6] 717, 760 
(1941). E.D.M. 

Xerosis of the cornea among glass blowers. H. M. 
Krparisov. Vestnik Oftalmologiu, 17, 1-2, 100 (1940).— 
The routine examination of 600 glassworkers showed that 
14.6% of them had ocular disturbances. Of these, 1.3% 
had cataract, but the relation between their work and the 
lenticular opacities was not definite as these workers were 
all over 40 years of age. Conjunctival hyperemia, found 
in 11.6% of the workers, cleared up 2 or 3 hr. after work. 
One man who worked before an open fire without glasses 
had blepharospasm. The deleterious effect of light and 
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heat in this industry is indicated by 8 cases of corneal 
xerosis. Two cases of optic neuritis could be attributed 
to the effect of ultraviolet rays. K. urges that workers 
have their eyes examined before entering the industry and 
that the administrative department be charged with the 
responsibility of providing and enforcing all prophylactic 
measures. F.S.M. 


BOOKS AND SEPARATE PUBLICATIONS 


Career in Engin Reauirements, Opportunities. 
Lowe. O. Stewart. Iowa State College Press, Ames, 
Iowa, 1941. 87 pp., 8 illustrations. Price 75¢; in lots of 


5 or more 50¢.—This brochure should be read by every 
engineering student, freshman and graduate. It would 
profit the high-school pupils who contemplate training for 
careers in engineering and would interest and benefit em- 
ployers and the employed. S. defines (1) engineering, 
(2) who should study engineering, (3) training of engineers, 
(4) functional occupations, (5) industrial opportunities, and 
(6) factors determining success. He distinguishes among 
the engineering technician, an engineer, and a craftsman. 
“Engineering is the art of applying the laws of the natural 
sciences, including mechanics and thermodynamics, to the 
utilization of the materials and forces of nature in pro- 
ducing facilities for the benefit of mankind, and the art of 
organizing the human effort required in connection there- 
with.”” Three pages are devoted to ceramic engineering. 

R.C.PurDY 

Ceramic Data Book with Catalogs and Buyers’ 

of Equipment and Materials. Industrial Publications, Inc., 
Chicago, 1941. l4thed. 318pp. Price$1.00.—Up-to-date 
information is presented on materials, equipment, proc- 
esses, compositions, and plant layouts for clay, glass, and 
enamel ware production. This book is a compact and 
thoroughly indexed up-to-date lecture course in ceramics. 
It should be owned by every ceramic technologist = every- 

one ee in ceramic production. R.C.P. 
Improved Air Sampling Device for Field Work. F. H. 
Van Atta C. H. McCrure. Illinois Dept. Labor 
Tech. Paper, No. 2 (April, 1941).—A unit for sampling 
air for large impingers is described. It consists of a case 

containing a pump, a flowmeter, and an peat rack. 


Report of a Study of the Granite, Mica, Feldspar, and 
Foundry Industries in New Hampshire. F. J. VINTINNER 
ET AL. New Hampshire State Board of Health, Feb., 
1941. 72 pp.—The report is more of a treatise on the gen- 
eral subject of dust control than a statement of the find- 
ings in a detailed study. The difficulty of presenting a 
representative picture of working conditions in an indus- 
try when conditions vary considerably from plant 4 plant 

F.S.M. 


is illustrated. 

Research—A National Resource: II, Industrial Re- 
search. Report of the National Research Council to the 
National Resources Planning Board, Dec., 1940. Supt. of 
Documents, Govt. Printing Office, Washington, 1941. 370 
pp., 104 illustrations. Price $1.00. 

Silicosis in Danish Industry (Silikosen i den danske In- 
dustri). V. Srus-Curistensen. Levin and Munks- 
gaard, Copenhagen, 1937. 312 pp., 70 illustrations. Re- 
viewed in Jour. Amer. Med. Assn., 112, 220 (May 27, 


1939).—This book embraces a three-year study at the Silke- 
borg Sanitorium in Denmark. The period of observation 
ended in 1932. 


The author states that much less concern 
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was evidenced over silicosis, asbestosis, and other forms 
of pneumoconiosis in Denmark than in other countries. 
Appraised at this time, the author’s grasp of such diseases 
and his understanding of the underlying pathologic change 
apvear to have been far in advance of the general level 
throughout the world in 1931. The major industries 
studied were sandblasting, molding (foundries), stone 
cutting, sandstone and granite cutting, mill stone work, 
cement making, the manufacture of cleansing powders, 
metal grinding (including instrument grinding), and brick- 
making. The general clinical and laboratory aspects of 
dusty lung diseases, a description of the industries in- 
volved, and a careful recording of case histories (by indus- 
tries) are presented. The illustrations are chiefly roent- 
genograms but also include reproductions of gross and mi- 
croscopic tissue preparations. Roentgenograms of silicotic 
chests cannot always be accurately reproduced, but those 
in this book are far superior to roentgenograms usually 
found. The cases of 300 disabled workers, of whom 70% 
were totally disabled and 30% mildly disabled, are pre- 
sented; 62% had silicosis, 3% tuberculosis alone, and 13% 
silicotuberculosis. Because of language difficulties, the 
book cannot be generally recommended to the physicians 
of the U. S., but it is of value to physicians, public health 
workers, and others concerned in the international aspects 
of dusty lung diseases. Comments. Conrozier. Ab- 
stracted in Ind. Med., 10 [4] 159-60 (1941).—Stub- 
Christensen’s work confirms C.’s own statistics. He 
shows that silicosis is a purely occupational disease. The 
work is of great interest, and much credit is due the author 
for his observation of patients and varied industries. 
Each of these had to be individually studied. The dust 
diseases to which Stub-Christensen devoted himself are 
recognized by some but denied by others. The same facts 
which are interpreted as establishing silicosis as a separate 
disease entity are, in other quarters, interpreted as con- 
firming silicosis as only a more or less tubercular affection, 
complicated by various dusts. Research men must make a 
definite decision and must say whether the dust disease 
is or is not an occupational one and whether or not it car- 
ries with it the right to compensation. Stub-Christensen 
strikingly supports the view that silicosis is an occupational 
disease beyond the shadow of a doubt. The essential points 
in his research studies are as follows: (1) the toxic char- 
acter of dusts in the several industries covered, and (2) per- 
sonal and individual observation of a large number of the 
workers who received a complete clinical and radiographic 
examination and who, being 52 years of age or over, had 
worked long enough to acquire third-degree silicosis. 


K.R. 
PATENTS 

Abrasive ceramic granules. D. C. Asper. U. S. 
2,259,601, Oct. 21, 1941 (Jan. 9, 1939).—A colored abrasive 
granule for use in wear-resistant terrazzo comprises a fired 
homogeneous predominantly ceramic mixture of ceramic 
materials, abrasive, and coloring matter, the abrasive 
forming not greater than 30% of the mixture. 

Lightweight mineral material. P. S. Denninc (F. E. 
Schundler & Co., Inc.). U. S. 2,259,879, Oct. 21, 1941 
(Oct. 25, 1937). 

Roofing granules and method of 
Nicnots. U.S. 21,915, Sept. 30, 1941 (May 21, 1940); re- 
issue of original U. S. 1,954,778, April 10, 1934 (Ceram. 
Abs., 13 [6] 165 (1934)). 
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NETHERLAND PLAZA HOTEL—HEADQUARTERS 


An entire corridor of private dining rooms of all periods and 
design and equipped for meetings and social functions is located 
on the fourth floor. Just off the corridor are two large exhibit 
halls with an immense adjoining elevator to transport large 
machinery and automobile or large equipment. 
The exhibit space parallels the meeting room 
and is separated from it by only a narrow corri- 
dor. 


The Netherland Plaza might well be called a 
“city within a city” with its many service 
departments. The hotel has its own print 
shop, laundry, valet shop, housekeeping depart- 
ment, catering department, staff dining room, 
carpenter shop, electric shop, ice plant, and 
many other shops and departments. Located 
in the arcade of the Carew Tower are two of 
Cincinnati’s leading department stores, a drug 
store, and many other shops to answer all 
shopping problems. 


The Carew Tower, of which the hotel is a part, 
predominates the Cincinnati skyline and may 
be seen from a great distance. The central 
location of the Netherland Plaza makes it 


THE NETHERLAND PLAZA easily accessible from all parts of the city. 
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President: J. T. Littleton, Corning Glass Works, 
Corning, N. Y. 

Vice-President: P. D. Helser, 394 S. Lexington Ave., 
White Plains, N. Y. 

Treasurer: C. Forrest Tefft, The Claycraft Co., Box 

866, Columbus, Ohio 


THE AMERICAN CERAMIC SOCIETY TRUSTEES 
AND OFFICERS FOR 1941-1942 


Secretary-Editor: R. C. Purdy, 2525 North High St., 
Columbus, Ohio 

Past-President: J. L. Carruthers, Ohio State Univer- 
sity, Columbus, Ohio 

Past-President: A. |. Andrews, University of Illinois, 
Urbana, Ill. 


TRUSTEES FROM INDUSTRIAL DIVISIONS* 


Art: L. E. Barringer, General Electric Co., Schenec- 
tady, N. Y. (1943) 

Enamel: J. E. Hansen, Ferro Enamel Corp., Cleve- 
land, Ohio (1943) 

Glass; G. W. Morey, Geophysical Leboratory, 
Washington, D. C. (1944) 

Materials and E spnewt H. B. DuBois, Consoli- 
dated eos Trenton, N. J. (1942) 

Refractories: J. D. Battelle Memorial Inst., 
Columbus, Ohio (1943) 
Structural Clay Products: A. F. Greaves-Walker, 
Univ. of North Carolina, Raleigh, N. C. (1942) 
Terra Cotta: F..B. Ortman, Gladding, McBean & Co., 
Los Angeles, Calif. (1942) 

White Wares: P. Hall, Onondaga Pottery Co., 
Syracuse, N. Y. (1944) 

Institute of Ceramic Engineers: H. G. Wolfram, Porce- 
lain Enamel & Mfg. Co., Baltimore, Md. (1944) 

Ceramic Educational Council: J. W. Whittemore, 
Virginia Polytechnic Inst., Blacksburg, Va. (1944) 


* Date of expiration of term of office in parentheses. 


DIVISION OFFICERS 


Art 
Chairman: K. E. Smith, Newcomb College, New 
Orleans, La. 
Secretary: Marion L. Fosdick, N. Y. State College 
of Ceramics, Alfred, N. Y. 


Enamel 
Chairman: R.L. Fellows, Chicago Vitreous Enamel 
Product Co., Cicero, iif. 


Secretary: D. G. Bennett, Mellon Institute, Pitts- 
burgh, Pa. 
Glass 
Chairman: A. K. Lyle, Hartford-Empire Co., Hart- 
ford, Conn. 


Secretary: S. R. Scholes, N. Y. State College of 
Ceramics, Alfred, N. Y. 


Materials and Equipment 


Chairman: S. S. Cole, National Lead Co., South 
Amboy, N. J. 
Secretary: E. M. Rupp, National Engineering Co., 
Chicago, Ill. 
Refractories 


Chairman: Gilbert Solér, Timken Roller Bearing 
Co., Canton, Ohio 

Secretary: C. L. Thompson, Harbison-Walker Re- 
fractories Co., Pittsburgh, Pa 


Structural Clay Products 
Chairman: J. H. enol, Isenhour Brick & Tile 
Co., Inc., Salisbury, N. 
Secretary: G. H. Duncombe, Jr., 150 East Frambes 
Ave., Columbus, Ohio 


White Wares 
Chairman: Ralston Russell, Jr., Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 
Secretary: C. Henderson, Hall China Co., East 
Liverpool, Ohio 


OFFICERS OF THE FELLOWS 

Dean: R. B. Sosman, U. S. Steel Corp., Kearny, N. J. 

Associate Dean: T. N. McVay, University of Ala- 
bama, University, Ale. 


Secretary-Treasurer: Herbert Insley, National Bureau 
of Standards, Washington, D. C 


INSTITUTE OF CERAMIC ENGINEERS 


President: E. H. Fritz, Westinghouse Electric & Mfg. 
Co., Derry, Pa. 

Vice-President: H. M. Kraner, Research Dept., 
Bethlehem Steel Co., Bethlehem, Pa. 

Secretary: DuBois, Consolidated Feldspar 
Corp., Trenton, N. J. 


CERAMIC EDUCATIONAL COUNCIL 


President: 3 W. Parmelee, University of Illinois, 
Urbana, Ill. 

Secretary: R. M. King, Ohio State University, 
Columbus, Ohio 


LOCAL SECTIONS 


Baltimore- Washington 
Chairman: Kenneth M. Smith, Severn Clay Co., 
Baltimore, Md. 
Secretary: W. R. Lester, Maryland Glass Corp., 
Baltimore, Md. 
Central Ohio 
Chairman: C. J. Koenig, O.S.U. Eng. Expt. Sta., 
Columbus, Ohio 
Secretary: M. C. Shaw, Edwerd Orton, Jr., 
Ceramic Foundation, Columbus, Ohio 


Chicago 
Chairman: H. G. Fisk, Armour Research Founda- 
tion, Chicago, Ill. 
Secretary: CK. Filippi, Illinois Brick Co., Chicago, 


Ohio 
Chairman: J. A. Foster, 9591 Sorrento Ave., 
Detroit, Mich. 
Secretary: A.R. Decker, Champion Spark Plug Co., 
Detroit, Mich. 
Northern California 
Chairman: T. K. Cleveland, Philadelphia Quartz 
Co., Calif. 
Secretary: LG. Larsen, A. J. Lynch & Co., San 
Francisco, Calif 
Pacific-Northwest 
President: M. D. Saindon, Chehalis Brick & Tile 
Co., Chehalis, Wash. 
Secretary: W. P. Keith, Univ. of Washington, 
Seattle, Wash. 
Pittsburgh 
ene G. J. Bair, Mellon Institute, Pittsburgh, 
a. 
Secretary: R. M. Shremp, Lava Crucible Co., 
Zelienople, Pa. 
Southern California 
Chairman: J. G. Stewart, Braun Corp., Los 
Angeles, Calif. 
Secretary: R. H. Martin, Vernon Potteries, Ltd., 
Los Angeles, Calif. 
St. Louis 
Chairman: H. H. Hanna, Pittsburgh Plate Glass 
Co., Crystal City, Mo. 
Secretary: J. H. Ilvery, Hydraulic Press Brick Co., 
St. Louis, Mo. 
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